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Our  6800  computer  system  repre- 
sents the  best  value  available  today, 
with    no    sacrifice    in    performance. 

I  would  like  to  explain  why  this  is 
true.  The  most  basic  reason  is  that 
the  6800  is  a  simpler,  more  elegant 
machine.  The  6800  architecture  is 
memory  oriented  rather  than  bus 
oriented  as  are  the  older  8008,  8080 
and  Z-80  type  processors.  This  is  an 
important  difference.  It  results  in  a 
computer  that  is  far  easier  to  program 
on  the  more  basic  machine  language 
and  assembly  language  levels.  It  also 
results  in  a  far  simpler  bus  structure. 
The  6800  uses  the  SS-50  bus  which 
has  only  half  the  connections  needed 
in  the  old  S-100  (IMSAI/MITS)  bus 
system.  If  you  don't  think  this  makes 
a  difference,  take  a  look  at  the  mother 
boards  used  in  both  systems— com- 
pare them.  The  SS-50  system  has 
wide,  low  impedance  0.1  lines  with 
good  heavy,  easily  replaced  Molex 
connectors.  The  S-100  bus,  on  the 
other  hand, has  a  very  fine  hair-like 
lines  that  must  be  small  enough  to 
pass  between  pins  on  a  100  contact 
edge  connector.  I'll  give  you  one 
guess  which  is  the  most  reliable  and 
noise  free.  As  for  cost— well  any  of 


you  who  have  purchased  extra  con- 
nectorsfor  your  S-100  machines  know 
what  kind  of  money  this  can  run 
into.  The  6800  is  supplied  with  a_H 
mother  board  connectors.  No  extras, 
or  options  like  memory,  or  con- 
nectors for  the  mother  board  are 
needed  in  our  6800  system. 

The  6800  is  not  beautiful,  but  "Oh 
Boy"  is  it  functional.  That  plain 
black  box  is  strong  and  it  has  an 
annodized  finish.  This  is  the  hardest, 
toughest  finish  you  can  put  on  alu- 
minum. Most  others  use  paint,  or 
other  less  expensive  finishes.  The 
6800  does  not  have  a  pretty  front 
panel  with  lights  and  multicolor  swit- 
ches. This  is  because  the  lights  and 
switches  are  not  only  expensive,  and 
unnecessary,  but  also  a  great  big  pain 
to  use.  We  don't  crank. up  the  6800; 
we  use  an  electric  starter— a  monitor 
ROM  called  Mikbug.  He  automatical- 
ly does  all  the  loading  for  you  with- 
out any  time  wasting  switch  flopping. 
So  in  the  6800  system  you  don't  buy 
something  expensive  (the  console) 
that  you  will  probably  want  to  stop 
using  as  soon  as  you  can  get  your 
hands  on  a  PROM  board  and  a  good 
monitor. 


That's  another  thing.  Mikbug®  is  a 
standard  Motorola  part.  It  is  used  in 
many  systems  and  supported  by  the 
Motorola  software  library  in  addition 
to  our  own  extensive  collection  of 
programs.  It  is  not  an  orphan  like 
many  monitor  systems  that  are  uni- 
que to  the  manufacturer  using  them 
and  which  can  only  run  software  pro- 
vided by  that  manufacturer.  Check 
the  program  articles  in  Byte,  Interface 
and  Kilobaud.  You  will  find  that  al- 
most all  6800  programs  are  written 
for  systems  using  a  Mikbug®  monitor. 
Guess  how  useful  these  are  if  you 
have  some  off-brand  monitor  in  your 
computer. 

The  6800  will  never  win  any  beauty 
prizes.  It  is  like  the  Model  "T"  and 
the  DC-3  not  pretty,  but  beautiful 
in  function.  It  is  simple,  easy  to  use 
and  maintain  and  does  its  job  in 
the  most  reliable  and  economical  way 
possible.  What  more  could  you  want? 

Mikbug  ®  is  a  registered  trademark 
of  Motorola  Inc. 
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with    serial     interface    and    4,096    words 
of  memory $395.00 
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Meet  the  most  powerful 
jjlC  system  available  for  dedicated  work. 

Yet  it's  only  $595: 


Here's  the  muscle  you've  been  telling  us  you  wanted: 
a  powerful  Cromemco  microcomputer  in  a  style  and  price 
range  ideal  for  your  dedicated  computer  jobs — ideal  for 
industrial,  business,  instrumentation  and  similar  applica- 
tions. 

It's  the  new  Cromemco  Z-2  Computer  System.  Here's 
some  of  what  you  get  in  the  Z-2  for  only  $595: 

•  The  industry's  fastest  [xP  board  (Cromemco's  highly 
regarded  4  MHz,  250-nanosecond  cycle  time  board). 

•  The  power  and  convenience  of  the  well-known  Z-80 
MP. 

•  A  power  supply  you  won't  believe  (  +  8V  @  30A, 
+  18V  and  -18V  @  15A  —  ample  power  for  addi- 
tional peripherals  such  as  floppy  disk  drives). 

•  A  full-length  shielded  motherboard  with  21  card  slots. 

•  Power-on-jump  circuitry  to  begin  automatic  program 
execution  when  power  is  turned  on. 

•  S-100  bus. 

•  Standard  rack-mount  style  construction. 

•  All-metal  chassis  and  dust  case. 

•  110-  or  220-volt  operation. 

DEDICATED  APPLICATIONS 

The  new  Z-2  is  specifically  designed  as  a  powerful  but 
economical  dedicated  computer  for  systems  work.  Notice 
that  the  front  panel  is  entirely  free  of  controls  or  switches 
of  any  kind.  That  makes  the  Z-2  vir- 
tually tamper-proof.  No  accidental 
program  changes  or  surprise  mem- 
ory erasures. 

FASTEST/MOST 
POWERFUL  nC 
Cromemco's  microcom- 
puters are  the  fastest  and 
most  powerful  available. 
They  use  the  Z-80  mi- 
croprocessor which  is 


Shown  with 

optional  bench 

cabinet 


widely  regarded  as  the  standard  of  the  future.  So  you're 
in  the  technical  fore  with  the  Z-2. 

BROAD  SOFTWARE/PERIPHERALS  SUPPORT 

Since  the  Z-2  uses  the  Z-80,  your  present  8080  soft- 
ware can  be  used  with  the  Z-2.  Also,  Cromemco  offers 
broad  software  support  including  a  monitor,  assembler, 
and  a  BASIC  interpreter. 

The  Z-2  uses  the  S-100  bus  which  is  supported  by  the 
peripherals  of  dozens  of  manufacturers.  Naturally,  all 
Cromemco  peripherals  such  as  our  7-channel  A/D  and 
D/A  converter,  our  well-known  BYTESAVER  with  its 
built-in  PROM  programmer,  our  color  graphics  interface, 
etc.,  will  also  plug  into  the  S-100  bus. 

LOW,  LOW  PRICE 

You'll  be  impressed  with  the  Z-2's  low  price,  technical 
excellence  and.  quality.  So  see  it  right  away  at  your 
computer  store — or  order  directly  from  the  factory. 

Z-2  COMPUTER  SYSTEM  KIT  (MODEL  Z-2K)  (includes 
4  MHz  ^P  card,  full-length  21 -card-slot  motherboard, 
power  supply,  one  card  socket  and  card-guide  set,  and 
front  panel;  for  rack  mounting) $595. 

Z-2  COMPUTER  SYSTEM  ASSEMBLED  (MODEL  Z-2W) 
(includes  the  above  as  well  as  all  21  sockets  and  card 
guides  and  a  cooling  fan;  for  rack  mounting  ). .  .$995. 


*kit  price 
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Cover  Story 

This  month's  cover 
highlights  the  new  bio- 
medical applications  of 
microprocessors.  Physi- 
cian and  programmer  are 
now  sharing  a  new  part- 
nership as  the  RAM  takes 
its  place  beside  the 
stethoscope.  This  appli- 
cation was  developed  in 
the  Electrical  Engineer- 
ing Department  of  Stan- 
ford University.  Cover 
credit  goes  to  Cromemco 
who  supplied  the  equip- 
ment for  the  project. 
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The  Digital  Group  adds  character®. 


64,  to  be  exact. 


The  Digital  Group's  computer 
systems  have  a  lot  of  character 
already.  Just  one  quick  look  at 
any  of  our  products  in  their 
unique  custom  cabinets  con- 
firms that.  But  we  believe  it 
never  hurts  to  add  a  bit  more. 

So,  the  Digital  Group  has  added 
character  in  a  big  way  to  give  an 
added  dimension  to  the  opera- 
tion of  our  video-based  com- 
puter systems.  We  are  pleased 

to  announce  our  new  TV  readout  with  a  64-character  line. 
It  will  give  your  system  a  great  deal  more  capability.  Give 
it  more  character,  if  you  will. 

Here  are  the  specifics  on  the  Digital  Group  TV  Readout 
and  Audio  Cassette  Interface: 

1024  Character  TV  Readout 

•  64  characters  horizontal  by  16  lines 

•  7x9  character  matrix  (effectively  7x12  due  to  char- 
acter shifting) 

•  IK  on-board  RAM  for  buffer  storage — requires 
no  main  memory — completely  independent 

•  128  character  ASCII 

Upper  case  alpha 

Lower  case  alpha  with  base  line  extenders  (g, 

h  p,  y) 

Numbers  and  extended  math  symbols 
Greek  alphabet 

•  Software  driven  cursor — forward  and  backward 

•  Compatible  with  most  microprocessors;  Interfaces 
with  1  8-bit  parallel  output  port 

•  Timebase  may  be  driven  with  an  external  timebase 

(may  be  synchronized  to  TV  camera,  TV  set,  etc.) 

•  Readout    timebase    available   at  connector  (can  be 
used  for  graphic  driver,  etc.) 

•  White  characters  on  black,  and/or  black  on  white; 
software  selectable 

•  Plugs  into  standard  dual  22-pin  TVC  connector  on 
Digital  Group  Systems 

Improved  Audio  Cassette  Interface: 

•  Reliable  FSK  recording  technique 

•  Uses  standard  unmodified  audio  cassette  recorder 
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Write  cassette  system 
uses  a  digitally  synthe- 
sized frequency  shift 
system,  derived  from  TV 
system's  master  crystal 
oscillator 

Read  cassette  system 
easily  aligned  using  the 
write  system  as  an  align- 
ment aid. 


(100  characters/second)- 
16K  in  3  minutes 


•Runs 
-loads 


at   1100    baud 


512  TVC  to  1024  TVC  Upgrade  Kit: 

As  always,  when  the  Digital  Group  extends  the  capabilities 
of  our  systems,  it  doesn't  mean  obsolescence  for  any 
products.  We  are  offering  an  upgrade  kit  for  present  Digital 
Group  system  owners  who  wish  to  go  to  the  longer  line 
length.  This  kit  uses  most  of  the  IC's  from  our  TVC-F  read- 
out. No  unsoldering  is  required;  all  new  sockets,  capac- 
itors, resistors,  PC  board  and  other  necessary  parts  are 
supplied. 

Prices: 

TVC-64— Full  64-character  TV  Readout  &  Audio  Cassette 
Interface: 

Kit  —  $140        Assembled  —  $205 
TVC-64UPG— Upgrade  kit  from  TVC-F: 

Kit  —  $65 

If  you  already  own  a  Digital  Group  system,  our  64-charac- 
ter line  will  definitely  enhance  its  operation.  If  you're  just 
looking,  you  might  want  to  keep  in  mind  that  the  Digital 
Group  has  a  lot  of  characters. 

Write  or  call  now  for  details  on  our  new  64-character  TV 
readout  and  all  our  other  exciting  products. 
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This  month  INTERFACE  AGE 
continues  in  its  introduction  of 
its  staff  to  the  readers.  In  this 
issue  we  are  featuring  two  of  the 
most  important  links  in  the  long 
chain  which  begins  with  an 
author  rolling  a  blank  page  into 
his  typewriter  through  a  finished 
article  submitted  and  accepted 
on  further  to  the  published  copy 
of  the  issue  resting  in  the 
reader's  hand. 

Our  two  staff  members  pre- 
sented this  month  are  our  Art 
Director  and  our  Layout  Editor. 


Charlyne  Levandowski  has  long 
experience  as  a  freelance  tech- 
nical illustrator  for  areospace 
companies  located  in  both  East 
and  West  Coasts.  Charlyne's  con- 
tribution to  INTERFACE  AGE  is 
well-known  to  our  readers  who 
have  enjoyed  her  crisp  clear 
artwork,  accompanying  every  ar- 
ticle recently  published  in  this 
book. 


Michael  Antich  is  a  Journalism 
graduate  from  California  State 
University  Long  Beach  where  he 
also  studied  Graphic  Arts.  Former 
editor  of  the  University  Bulletin, 
he  gained  experience  in  all 
aspects  of  production.  In  his 
Senior  year  he  worked  as  Art 
Director  for  the  prestigious 
campus    literary    magazine 


BLASTULI  while  contributing  to 
the  University  Review  and  the 
student  newspaper,  The  Forty- 
Niner. 

*  *  * 

This  month's  issue  presents 
articles  on  the  state  of  the  art 
of  microprocessing  as  viewed 
through  the  lens  of  the  past,  the 
eyes  of  the  present  and  the  crystal 
of  the  future. 

Even  by  those  whose  involve- 
ment in  electronics  circumscribes 
a  channel  hunt  on  their  T.V. 
sets,  the  Semiconductor  Revolu- 
tion has  left  its  impact.  Dr.  C. 
Lester  Hogan  is  one  of  the  very 
human  elements  of  this  bene- 
ficent revolution.  He  has  earned 
the  title  of  "Father  of  Semi- 
conductor Technology."  In 
REFLECTIONS  ON  THE  PAST 
AND  THOUGHTS  ABOUT  THE 
FUTURE  OF  SEMICONDUCTOR 
TECHNOLOGY,  Dr.  Hogan  relates 
the  engrossing  travelogue  of  the 
long  journey  from  vacuum  tube 
to  chip. 

In  A  COMPUTER  THAT  EVEN 
A  BABY  CAN  USE  the  authors 
explain  how  a  microprocessor  is 
applied  as  a  useful  tool  for  the 
care  of  the  unborn. 

Reaching  beyond  today's  tech- 
nical capabilities  we  share  Roger 
Garrett's  dream  of  tomorrow's 
solid-state  technology  in  THE 
QUBE. 

Our  readers  will  once  again  be 
entertained  with  another  experi- 
ment in  artificial  intelligence. 
These  learning  programs  are 
embryos  of  the  robotic  systems 
with  which  we'll  live  by  the  turn 
of  the  Century.  And,  in  many 
ways  these  playmates  are  avail- 
able to  us  now,  as  we  see  in 
Roger  Edelson's  evaluation  of 
THEDAZZLER™ 

The  conscientious  work  of  Bob 
Stevens  has  once  more  yielded 
a  software  section  compiled  to 
provide  you  with  hours  of  enjoy- 
ment with  your  microcomputer. 
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POPULARITY  EXPLOSION! 


JUPITER  II 
6800  System 
$795 


JUPITER  III  A 

Z80  System 

$865 


ASSEMBLED 


ASSEMBLED 


If  you  thought  the  quality  of  a  wire-wrapped 
system  was  beyond  your  price  range  —  Take  a 
look  at  what  we  have  now! 

The  Jupiter  II A  and  the  Jupiter  MIA  Basic 
computer  systems.  You  get  the  system  module 
cage  with  fully  assembled  backplane,  fully 
assembled  plug-in  ferro-resonant  power  supply, 
front  panel  and  your  choice  of  6800  or  Z80  CPU 
module.  All  less  than  the  price  of  the  two  best 
selling  8080  systems! 

Plus  you  can  choose  from  the  fastest  growing 
selection  of  memories  and  peripherals  available 
from  any  manufacturer,  like  our  2KB  EPROM/ 
4KB  RAM/serial  RS-232  module  and  our  new 
1024  character  video  module.  Both  can  transform 
your  basic  computer  system  into  a  real  star. 

And  remember,  all  Wave  Mate  products  meet  the 
highest  quality  industrial  standards,  with  rugged 
construction  unmatched  by  anyone!  Join  the 
popularity  explosion  and  get  yours  now! 
Write  or  call  for  more  info  and  your  closest  Wave 
Mate  authorized  distributor. 


You  get  your  choice  of  microprocessors! 
And  you  get  wire-wrapped  modules  too! 


Now  you  have  a  low  cost  way  to  get  started 

into  personal  computing  without  sacrificing 

future  growth  capability! 


I  Send  information  on:   O  Jupiter  1 1 A  system 

1 

I                                             □  Jupiter  IMA  system 

]  NAMF 

i  AnnRFR.s                                                                                 i 

|  HITY                                                      RTATF 

I 

7IP 

i 

ebb 

Wmj/jl  TTInte 


WAVE  MATE  1015  West  190th  Street,  Gardena,  California  90248 
Dept  24 

CIRCLE  INQUIRY  NO.  4 


Telephone  (213)  329-8941 


MARCH  1977 


INTERFACE  AGE  5 


dole 


UPCOMING  COMPUTER  SHOWS 

Mar.  1  NEPCON  77  Anaheim  Con- 
vention Center,  Anaheim,  CA.  Mi- 
croprocessor workshop  seminar 
slated. 

DPMA  Computer  Equipment  Show 
and  Conference.  Convention  Cen- 
ter. Sacramento,  CA.  For  more  in- 
formation write  SMUG,  PO  Box 
16153,  Sacramento,  CA.  95816. 

Computer  Caravan  77  is  a  series 
of  nine  computer  forums  to  be  held 
in  the  following  cities:  Each  of  the 
Computer  User  Forums  will  be 
conducted  by  a  leading  user  or 
independent  consultant  who  will 
lead  seminars  and  workshops  on 
these  relevant,  up-to-date  topics. 

Tuesday:  Case  Studies  in  Applying 
Minicomputers  —  the  minis  as 
Mainframe;  Distributed  Minis  (with 
and  without)  Data  Communica- 
tions; Organizational  Impact  of  a 
Distributed  Mini  System. 

Wednesday:  Case  Studies  in  Man- 
aging Terminal  Networks— "Dumb" 
Terminal  Networks,  "intelligent" 
Terminal  Networks;  Remote  Batch 
Systems;  Communication  Control 
Equipment. 

Thursday:  Case  Studies  in  Improv- 
ing Software  Productivity  —  Per- 
sonnel Recruiting,  Selection  and 
Training;  Software  Alternatives; 
Measuring  Systems  Utilization; 
Documentation  and  Maintenance 
Aids. 

All  Forums  will  take  place  from 
9AM  to  1PM.  Concurrently,  hund- 
reds of  exhibitor  products  and 
services  will  be  shown  at  Computer 
EXPO  77  each  day  from  10AM  to 
5PM.  There  is  no  admission  charge 
to  the  exhibit  hall. 

March  29-31,  San  Francisco  Civic 
Auditorium. 

April  5-7,  Los  Angeles  Convention 
Center 

April  19-21,  Cleveland  Convention 
Center 

April  26-28,   St.   Paul   Civic  Center 

May  3-5,  Chicago  McCormick  Place 

May  10-12,  New  York  Coliseum 


May  24-26,  Philadelphia  Convention 
Center 

May  31-June  2,  Sheraton  Park  Hotel, 
Washington  DC. 

June  7-9,  Boston,  Northeast  Trade 
Center  (Rte.  128,  exit  39) 

Registration  for  any  single  forum 
day  entitles  you  to  attend  all  three 
days  of  exhibits.  If  you  wish  to 
attend  the  exhibits  only,  no  advance 
registration  is  required.  For  regis- 
tration contact: 
Registration  Office 
Computer  EXPO  77 
797  Washington  Street 
Newton,  Ma.  02160 
617/965-5800 

April  15-17  The  First  West  Coast 
Computer  Faire.  A  conference  and 
exposition  on  personal  and  home 
computing  will  be  held  at  San 
Francisco  Civic  Auditorium.  For 
further  information  contact  Mr. 
James  Warren  Star  Rte.  Box  111, 
Woodside,  CA  94062  415/851-7075. 

June  13-16  National  Computer  Con- 
ference. Dallas,  Texas. 

Directory  Available 
For  Computer  Hobbyists 

A  directory  for  computer  hobbyists 
has  been  compiled  to  help  sub- 
scribers keep  in  touch  with  each 
other  and  to  provide  information 
in  an  easy-to-find  form. 

The  "Personal  Computing  Direc- 
tory" data  base  contains  the  name, 
address  and  telephone  number  of 
each  subscriber.  Clubs,  societies, 
newspapers  and  magazines  geared 
to  the  computer  hobbyist  will  also 
be  listed. 

The  directory  which  had  its  debut 
in  February  includes  manufacturers, 
stores,  repair  services,  conventions, 
courses  and  contests  —  in  short, 
almost  anything  of  interest  or  of 
informational  value  to  the  hobbyist. 

The  directory  will  be  divided  into 
three  parts,  with  addresses  listed 
geographically  by  ZIP  Code,  alpha- 
betically and  alphabetically  by  sub- 
ject. Listing  and  advertising  in  the 
200  to  300  page  directory  is  free. 
The  directory  will  be  sold  for  $4.95 


from  "Personal  Computing  Directory", 
P.O.  Box  134,  Harvard  Sq.,  Cambridge 
Mass.  02138. 

Hobbyists  in  Boston  Get  Radio  Show 

Computer  hobbyists  took  to  the 
airwaves  with  their  own  radio  show 
which  began  on  Jan.  22, 1977. 

Believed  to  be  the  first  of  its  kind, 
the  "The  Computer  Program"  is 
broadcast  on  WBUR-FM,  a  non- 
commercial radio  station  with  a  100- 
mile  radius  in  the  Boston  area.  The 
format  of  the  show  will  feature 
a  guest  speaker  on  a  topic  of  his 
choice  and  answer  questions  from 
listeners.  Richard  Gardner  is  the 
Host  and  originator  of  the  show. 

The  program  includes  news  items 
of  interest  to  the  home  computer 
hobbyist  and  a  weekly  announce- 
ment of  resources  related  to  the 
speakers  topic. 

CALL  FOR  PAPERS 

1977  Conference  on  Compu- 
ters in  the  Undergraduate  Curri- 
cula, June  19-22  East  Lansing, 
Michigan.  Papers  should  be  con- 
cerned with  undergraduate  in- 
struction in  two  and  four  year 
universities  in  a  broad  array  of 
disciplines.  Those  from  minority 
institutions  and  small  colleges 
will  be  given  special  considera- 
tion. Because  the  conference 
emphasizes  applications  of  com- 
puters, computer  science  is  spe- 
cifically excluded.  Papers  on 
computer  services  whether  from 
a  campus  center  or  other  sour- 
ces, are  considered  only  if  they 
have  special  features. 

Authors  should  submit  an  ori- 
ginal manuscript  no  longer  than 
fifteen  pages  and  four  copies  to 
Gerald  L.  Engel,  Virginia  Institute 
of  Marine  Science,  Gloucester 
Point,  VA  23062. 

Mar.  16  Homebrew  Computer  Club, 
7  p.m.  Stanford  Linear  Accelerator 
Center  Auditorium.  Menlo  Park,  CA. 
General  Meeting. 

Mar.  16  Northwest  Computer  Club, 
7  p.m.,  Pacific  Science  Center, 
room  200,  2nd  Ave.,  N.  Seattle,  WA. 

Mar.  18  Long  Island  Computer  Asso- 
ciation, 8  p.m.,  New  York  Institute 
of  Technology,  Bldg.  500,  Room  508, 
Old  Wesbury  NY.  Call  (516)  938-6769 
for  details. 

Mar.  19  South  Central  Kansas  Ama- 
teur Computer  Association,  9  a.m., 
1430  E.  Kellog  (next  to  Church  of 
the  Nazarine)  Wichita  KS.  Call 
Cris  Borger  (316)  265-1120  for 
agenda. 

Mar.  22  Sacramento  Microcomputer 
Users  Group  (SMUG)  7:30  p.m. 
meets  at  the  Sacramento  Munici- 
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The  Small  Computer 


Twenty-five  years  ago  a  computer  as  powerful  as  the 
new  Processor  Technology  Sol -20  priced  out  at  a  cool  million. 

Now  for  only  $995  in  kit  form  or  $1495  fully 
assembled  and  tested  you  can  have  your  own  small  computer 
with  perhaps  even  more  power.  It  comes  in  a  package  about  the 
size  of  a  typewriter.  And  there's  nothing  like  it  on  the  market 
today.  Not  from  IBM,  Burroughs,  DEC,  HP  or  anybody  else! 

It  fills  a  new  role 

If  you're  an  engineer,  scientist  or  businessman,  the 
SoI-20  can  help  you  solve  many  or  all  of  your  design  problems, 
help  you  quantify  research,  and  handle  the  books  too.  For  not 
much  more  than  the  price  of  a  good  calculator,  you  can  have  high 
level  computer  power. 

Use  it  in  the  office,  lab,  plant  or  home 

Sol-20  is  a  smart  terminal  for  distributed  processing. 
Sol-20  is  a  stand  alone  computer  for  data  collection,  handling 
and  analysis.  Sol-20  is  a  text  editor.  In  fact,  Sol-20  is  the  key 
element  of  a  full  fledged  computer  system  including  hardware, 
software  and  peripheral  gear.  It's  a  computer  system  with  a 
keyboard,  extra  memory,  I/O  interfaces,  factory  backup,  service 
notes,  users  group. 

It's  a  computer  you  can  take  home  after  hours  to  play 
or  create  sophisticated  games,  do  your  personal  books  and  taxes, 
and  a  whole  host  of  other  tasks. 

Those  of  you  who  are  familiar  with  small  computers 
will  recognize  what  an  advance  the  Sol-20  is . 

CIRCLE 
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Sol-20  offers  all  these  features  as  standard: 

8080  microprocessor — 1024  character  video  display 
circuitry  —  control  PROM  memory  — 1024  words  of  static  low- 
power  RAM  — 1024  words  of  preprogrammed  PROM — built-in 
cassette  interface  capable  of  controlling  two  recorders  at  1200 
bits  per  second  —  both  parallel  and  serial  standardized  interface 
connectors  —  a  complete  power  supply  including  ultra  quiet 
fan  —  a  beautiful  case  with  solid  walnut  sides  — software  which 
includes  a  preprogrammed  PROM  personality  module  and  a  data 
cassette  with  B  ASIC-5  language  plus  two  sophisticated  computer 
video  games  —  the  ability  to  work  with  all  S-100  bus  products. 

Full  expansion  capability 

Tailor  the  Sol-20  system  to  your  applications  with  our 
complete  line  of  peripheral  products.  These  include  the  video 
monitor,  audio  cassette  and  digital  tape  systems,  dual  floppy 
disc  system,  expansion  memories,  and  interfaces. 

Write  for  our  new  22  page  catalog. 
Get  all  the  details. 

Processor  Technology,  BoxG,  6200  Hollis  St., 
Emeryville,  CA  94608.  (415)  652-8080. 
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pal  Utilities  Department  Training 
Building  (SMUD)  59th  Street  be- 
tween R  and  S. 

Mar.  30  Homebrew  Computer  Club, 
7  p.m.  Stanford  Linear  Accelera- 
tor Center  Auditorium.  Menlo  Park, 
CA.  General  Meeting. 

Mar.  31  Small  Computer  Engineering 
Association  of  Minnesota  (SCEAM) 
7  p.m.  3010  4th  Ave.,  South  Min- 
neapolis near  Lake  St.  and  Nicollet 
Ave.  So.  Call  (612)  824-6406  for  club 
agenda. 

April  2  Louisville  Area  Computer 
Club,  1  p.m.,  University  of  Louis- 
ville, Speed  Auditorium.  Contact 
Glenn  Darwin  (502)  456-5589  for 
details. 

April  3  North  Orange  County  Com- 
puter Club  (NOCCC),  12  noon,  Calif- 
ornia State  Univ.  Fullerton.  Signs 
will  be  posted  at  the  administra- 
tion building  to  direct  interested 
parties  to  the  meeting. 

SCCS  Valley  Capter,  7  p.m.,  Harvard 
School,  3700  Coldwater  Canyon, 
Studio  City,  CA. 

April  6  New  England  Computer 
Society,  Inc.  7  p.m.,  Mitre  Corp. 
Cafeteria.  Rt.  62  Bedford,  Mass. 
Contact  Dave  Day  at  (603)  434-4239 
for  details. 


7  p.m.,  Pacific  Science  Center, 
room  200,  2nd  Ave.,  N.  Seattle,  WA. 

April  8  Crescent  City  Computer 
Club,  8  p.m.,  University  of  New 
Orleans,  Lakefront  Campus.  For 
club  agenda  call  Bob  Latham  (504) 
722-6321. 

April  9  Oklahoma  Computer  Club, 
10  a.m.  Belle  Aisle  Library,  Okla- 
homa City,  OK.  Al  Campbell  at 
(405)  842-4933  will   have  details. 

April  10  South  Eastern  Michigan 
Computer  Organization  (SEMCO) 
6  p.m.,  at  the  studios  of  WJBK 
TV-2.  Call  President  Dick  Weir  at 
565-3228  for  details. 

April  14  Rochester  Area  Micro- 
computer Society  (RAMS)  7:30  p.m., 
Rochester  Institute  of  Technology, 
Bldg.  9  Room  1030,  Rochester  NY. 
General  Meeting.  For  further  de- 
tails write:  RAMS,  P.O.  Box  "D", 
Rochester,  NY  14609. 

April  15  Long  Island  Computer  Asso- 
ciation, 8  p.m.  New  York  Institute 
of  Technology  Bldg.  500,  Room 
508,  Old  Wesbury,  NY.  Call  (516) 
938-6769  for  details. 

Homebrew  Computer  Club,  7  p.m., 
Stanford  Linear  Accelerator  Cen- 
ter Auditorium.  Menlo  Park,  CA. 
General  Meeting. 


April  6    Northwest  Computer  Club       April  20   Northwest  Computer  Club, 


7   p.m.,   Pacific  Science  Center, 
room  200,  2nd  Ave.,  N.  Seattle,  WA. 

April  26  Sacramento  Microcompu- 
ter Users  Group  (SMUG),  7:30  p.m. 
meets  at  the  Sacramento  Munici- 
pal Utilities  Department  Training 
Building  (SMUD)  59th  Street  be- 
tween Rand  S. 

April  28  Small  Computer  Engineering 
Association  of  Minnesota  (SCEAM) 
7  p.m.,  3010  4th  Ave.  South  Minnea- 
polis near  Lake  St.  and  Nicollet 
Ave.  So.  Call  (612)  824-6406  for  club 

agenda. 

April  29  Homebrew  Computer  Club, 
7  p.m.  Stanford  Linear  Accelera- 
tor Center  Auditorium.  Menlo  Park, 
CA.  General  Meeting. 


May  1  North  Orange  County  Com- 
puter Club  (NOCCC),  12  noon 
California  State  Univ.  Fullerton. 
Signs  will  be  posted  at  the  admin- 
istration building  to  direct  interes- 
ted parties  to  the  meeting.  This 
month  will  provide  a  family  day 
and  software  swap  meet. 

May  1  SCCS  Valley  Chapter,  7  p.m., 
Harvard  School,  3700  Coldwater 
Canyon,  Studio  City,  CA.  Sche- 
duled this  month  is  a  new  product 
show  sponsored  by  Signetics. 


3455  Conner  St.,  Bronx,  N.Y.  1 0475  /  (21 2)  994-6600  /  Telex  1 25091 
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if  you're  not  designing 

with  acsc  proto-board;look 

at  all  you're  missing. 


Utility  — Models  are  available 
with  or  without  built-in  regulated 
power  supplies  (fixed  or 
adjustable). 


Accessibility  — All  parts  are 
instantly  and  easily  accessible,  for 
quick  signal  tracing,  circuit 
modifications,  etc. 


Economy  — Eliminate  heat  and 
mechanical  damage  to  expensive 
parts.  Save  money  by  re-using 
components. 


Versatility  — Use  with  virtually  a 
types  of  parts,  including  resistors 
capacitors,  transistors,  DIP'S, 
TO-5  s,  LED  s.  transformers, 
relays,  pots,  etc  Most  plug  in 
directly,  in  seconds 


Variety  — A  wide  variety  of 
models  are  available  with 
capacities  ranging  from  630  to 
3060  solderless  tie-points  (6  to  32 
14-pin  DIP'S),  to  fit  every  technical 
and  budget  requirement. 


Durability  — All  Proto-Board 
models  are  carefully  constructed 
of  premium  materials,  designed 
and  tested  for  long,  trouble-free 
service. 


Expandability  — Proto-Board 

units  can  be  instantly  inter- 
connected for  greater  capacity. 


Visibility  — All  parts 
are  instantly  and  easily 
visible,  for  quick  circuit 
analysis  and  diagramming 


Speed  — Assemble, 
test  and  modify  circuits 
as  fast  as  you  can  push 
in  or  pull  out  a  lead. 
Save  hours  on  every 
project. 


Adaptability  — Use  in  design, 
packaging,  inspection,  QC,  etc 
Works  with  most  types  of  circuits 
in  many,  many  applications. 


Flexibility  — Use  independently, 
or  in  conjunction  with  other 
accessories,  such  as  scopes, 
counters,  CSC  Proto-Clip'"' 
connectors,  Design  Mate'v  test 
equipment,  etc   One  Proto-Board 
unit  can  serve  a  thousand 
applications. 


See  your  CSC  dealer  or  call  203-624-3103  (East  Coast)  or 

415-421-8872  (West  Coast)  9  AM  to  5  PM  local  time.  Major  credit 

cards  accepted.  Add  $2.50  for  shipping  and  handling  in  the 

U.S.  and  Canada  on  direct  orders  of  550.00  or  less;  $3.00  for  orders 

over  $50.00.  On  all  foreign  orders  add  15%  to  cover  shipping 

and  handling. 


CONTINENTAL  SPECIALTIES  CORPORATION 


Whatever  type  of 
electronic  circuits  you 
work  with,  you  can  do 
more  in  less  time  with 
CSC's  solderless  Proto- 
Board  systems.  As  fast  and 
easy  as  pushing  in  or  pulling  out 
a  lead,  you  can  design,  test  and 
modify  circuits  at  will.  Com- 
ponents plug  into  rugged  5-point 
terminals,  and  jumpers,  where 
needed,  are  lengths  of  #22  AWG 
solid  wire.  In  the  same  time  you  took 
to  read  this  ad,  you  could  be  well  on 
your  way  to  assembling  a  new  circuit. 
For  more  information,  pick  up  your  phon 
and  call  your  dealer— or  order  direct. 


CSC  PROTO-BOARD  SOLDERLESS  BREADBOARDS 


EASY  DOES  IT 

44  Kendall  Street.  Box  1942 

New  Haven,  CT  06509  •  203-624-3103  TWX:  710-465-1227 

West  Coast  office:  Box  7809,  San  Francisco.  CA 

94119  •  415-421-8872  TWX:  910-372-7992 


MODEL 
NUMBER 

NO.  OF 

SOLDERLESS  IC  CAPACITY    MANUFACTURER'S 

TIE-POINTS     (14-PIN  DIP'S)  SUGG. LIST 

OTHER 
FEATURES 

PB-6 

630 

6 

S15.95 

Kit  —  10-minute  assembly 

PB-100 

760 

10 

19.95 

Kit -with  larger  capacily 

PB-101 

940 

10 

29.95 

8  distribution  buses. 

higher  capacity 

PB-102 

1240 

12 

39.95 

Large  capacity,  moderate 
piice 

PB-103 

2250 

24 

59.95 

Even  larger  capacily  only 
2.7C  per  tie-point 

PB-104 

3060 

32 

7995 

Largest  capacity:  lowest 
price  per  tie-point 

PB-203 

2250 

24 

75.00 

Built-in  1%-regulated 
5V,  1A  low-ripple  power 
supply 

PB-203A 
II 

2250 

24 

120.00 

As  above  plus  separate  Vamp 
+ 15V  and  -15V  internally 
adjustable  regulated  power 
supplies 

©  1976  Continental  Specialties  Corp. 

Prices  and  specifications  subject  to  change  without  notice. 
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What  Will  Happen  to  Computer  Stores? 
By  Adam  Osborne 

Instead  of  picking  up  on  small  news  items  from 
Silicon  Valley  this  month  I  shall  examine  the  future 
of  the  computer  store. 

Is  the  computer  store  a  passing  phenomenon 
whose  existence  is  based  on  the  euphoria  of  a 
new  industry  —  and  investors  with  money  to  lose? 
Or  is  the  computer  store  a  new  component  of  the 
computer  and  electronics  industry  whose  day  has 
come? 

Will  computer  stores  last  only  until  store  owners 
have  lost  enough  money  to  become  convinced  that 
the  idea  has  no  future?  Or  are  the  struggling 
store  owners  of  today  the  successful  businessmen 
of  tomorrow? 

My  prognosis  is  highly  optimistic  from  the  store 
owner's  point  of  view.  I  believe  the  computer 
store  is  an  entity  whose  time  has  come  and  whose 
economics  are  valid.  Anyone  currently  starting  a 
computer  store  has  an  excellent  chance  of  doing 
very  well  over  the  next  five  years,  providing  they 
run  their  business  based  on  sound  financial 
principles. 

Let  me  explain  the  reasons  for  my  optimism. 

When  you  buy  something  in  the  store  you  pay 
for  goods,  and  providing  what  you  buy  works,  you 
pay  for  all  subsequent  service.  This  is  true  for  a 
television,  a  stereo  sound  system  or  an  automobile. 
Yes,  an  automobile  dealer  has  a  shop  which  sells 
cars. 

But  until  the  advent  of  the  computer  store,  if 
you  wanted  to  buy  a  computer  system,  you  went 
to  the  manufacturer  and  placed  your  order  -  or 
occasionally  you  went  to  an  authorized  distributor. 
In  other  words,  there  was  no  difference  between 
a  company  buying  100  computers  per  month  to  put 
in  the  bank  terminals,  or  you  buying  one  to  run 
payroll. 

Now  a  manufacturer  buying  100  computers  per 
month  knows  exactly  what  he  plans  to  do  with  the 
computers.  Providing  he  receives  hardware  that 
works,  he  is  satisfied.  He  does  not  ask  the  computer 
manufacturer  for  programming  assistance,  nor  for 
any  other  form  of  post-purchase  support.  He  pays 
his  bills  and  is  not  heard  from  again. 

The  guy  who  buys  one  computer,  or  just  a  few, 
is  another  story.  To  him  the  thousands  of  dollars 
he  has  paid  is  a  large  sum  of  money  —  In  his 
opinion  is  buying  a  solution  to  a  problem  and  not 
a  computer  at  all.  A  small  businessman,  for  example, 
buys  a  computer  system  for  $30,000  in  order  to  do  his 
in-house  data  processing.  He  is  not  buying  a 
computer,  he  is  buying  a  solution  to  his  book- 
keeping problems;  and  therein  lies  the  problem. 
The  small  buyer  does  not  fully  know  what  he  is 
buying.  Nevertheless  he  will  give  the  seller  endless 
problems,  and  refuse  to  pay  his  bill  until  he  gets 
what  he  wants  —  even  though  he  does  not 
really  know  what  he  wants.  The  small  buyer  who 
buys  one  computer  system,  or  very  few  computer 
systems,  is  the  source  of  financial  ruin  to  computer 
manufacturers,  distribution  companies  and  soft- 
ware companies  alike;  he  demands  all  kinds  of 
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WE  DO  IT  WITH  MIRRORS! 

(and  some  very  sophisticated  state-of-the-art  memory  design) 


65,536   BYTES 

Your  dream  can  be  a  reality  with  the  Prime  Radix  Corporation's 
64Ktm  memory  system  at  a  very  cost-effective  price.  And  because  it 
is  a  standalone  memory  system,  you've  got  the  advantage  of  greater 
flexibility  not  ordinarily  available  from  add-in  memory.  Some  of  the 
features  are: 

•  The  64Ktm  is  fully  buffered,  presenting  one  TTL  load  to  the 
memory  bus. 

•  The  64Ktm  is  digital  group  bus  and  ALTAIRtm  bus  compatible. 
When  ordering,  you  must  specify  the  bus  architecture.  A 

plugcard  and   cable  will   be  furnished  for  the  particular  bus 
architecture  you  specify. 

•  64Ktm  is  expandable  to  larger  word  lengths  (16  bits;  24  bits;  32 
bits;  all  organizations  with  or  without  parity).  Other  bus  com- 
patibilities will  be  available  soon. 

•  The  minimum  complement  of  memory  is  40K  BYTES,  with 
starting  address  locations  at  OK,  8K,  16K,  or  24K. 


•  The  64Ktm  comes  assembled  and  tested  with  its  own  power 
supply,  attractively  housed  in  an  aluminum  cabinet,  ready  to  plug 
into  your  system.  With  a  choice  of  a  freestanding  cabinet  or  a  19" 
rack-mountable  cabinet,  5"h  x  18"w  x  14"d. 

•  Psuedo-static  operation:  on  board  refresh  clock-generator 
provides  processor  independent  refresh  with  no  wait  states.  The 
300NS  worst  case  access  time  enhances  high  speed  operation. 

•  Power/fail  detection  circuitry  and  battery  backup  will  provide 
non-volatile  memory  (batteries  are  optional  at  extra  cost). 

LIST  PRICE  IS  AS  FOLLOWS: 

40K  48K  56K  64K 

$1490.00  $1580.00  $1670.00  $1750.00 

We  are  offering  a  special  introductory  ten  percent  discount  off  list 
price  on  all  orders  received  on  or  before  March  31,  1977.  Delivery 
will  be  made  in  the  same  sequence  as  orders  are  received.  Please 
allow  3  to  6  weeks  for  delivery.  Mastercharge  and  BankAmericard 
are  accepted. 


•  Prime  Radix,  Inc.  •  P.O.  Box  11245  •  Denver,  CO  80211  •  (303)  573-5942   or  (303)  433-5630  • 
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PRIME  RADIX 

COMPUTER  SYNTHESIS 


Print  Name 


Address 


City 


State 


Zip 


□  DIGITAL  GROUP  BUS 

□  ALTAIRtm  BUS 

□  64K  @  $1750.00 
D  56K  @  $1670.00 

□  48K  @  $1580.00 

□  40K  @  $1490.00 


□  Check  or  M.O.  enclosed 

□  Charge  BAC 

□  Charge  MC 

(Please  No  C.O.D.'s  or  P.O.'s) 


Make  checks  or  money  orders  payable  to: 

PRIME  RADIX,  INC. 
P.O.  Box  11245 
Denver,  Colorado  80211 
(303)  573-5942 
or        433-5630 


Credit  Card  Number 


4  Numbers  Above  Name  (MC)Good  Thru 


Signature 
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16K  STATIC  RAM 


For  ALTAIR  /  IMSAI  /  POLY  88 


$459 

ASSEMBLED  $529 


"""milMfjfi 


•  USES  4K  STATIC  RAMS -NO  REFRESH 

•  VERY  LOW  POWER  -  LESS  THAN  1  AMP 

•  Z80  FAST  -  200ns  ACCESS  TIME 

•  PROVISION  FOR  BATTERY  BACKUP 

•  LOW  PROFILE  SOCKETS  FOR  ALL  CHIPS 

•  EACH  4K  ADDRESSABLE  TO  ANY  4K  SLOT 

•  HARDWARE/SOFTWARE  MEMORY  PROTECT 
FOR  EACH  4K 

•  SPECIAL  PAGING  OPTION  ALLOWS  UP  TO 
1  MEGABYTE  ADDRESSABLE  MEMORY 

•  LOW  COST 

CONSTRUCTION  MANUAL $1 .75 

PAGING  OPTION 19.00 

01 IANTITY  DISCOUNT 5  BOARDS  —  5% 

10 OR  MORE—  10",, 
DEALER  INQUIRIES  INVITED 

OMNI  SYSTEMS  INC. 

P.O.  BOX  7536,  UNIV.  STATION 
PROVO,  UTAH  84602 
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*  1702A  PROM  PROGRAMMER,  1792  bytes  of  1702A 
EPROM,  and  256  bytes  of   RAM,  all  on  one  board. 

The  programmer  is  not  an  I/O  device.  At  the  flick 
of  a  switch,  one  of  the  1702A  positions  becomes  a 
programming  address.  With  programming  enabled, 
storing  into  this  address  space  will  program  the  PROM. 
With  programming  disabled,  that  address  space  is  just 
ordinary  read-only  memory. 

*  Because  PRAMMER  contains  its  own  clock  and  micro- 
program for  read-write  control,  it  will,  through  the 
S-100  bus,  interface  with  any  CPU. 

*  The  kit  comes  complete  with  one  1702A  containing 
stand-alone  software  for  programming  other  1702A's 
and  a  complete  source  listing  of  an  eleven-function 
development  system  which  fits  into  the  1792  bytes 
of  PROM  space. 

COMPLETE  KIT:   Introductory  Price $189 

Master  Charge  and  BankAmericard  accepted. 
California  residents  please  add  sales  tax. 

XYBEK  •  P.O.  Box  1631    •  Cupertino,  CA  95014 

Telephone  (408)  296-8188 
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service  after  the  purchase,  expecting  to  get  it  at 
no  additional  cost.  In  effect,  the  small  computer 
buyer  expects  to  pay  a  fixed  price  for  an  unknown 
amount  of  service  —  and  that  has  lead  to  the 
financial  collapse  of  companies  catering  to  this 
customer  base.  The  only  cost  effective  way  of 
selling  computers  to  the  new  generation  of  com- 
puter consumers  is  to  sell  computers  the  way 
General  Motors  sells  automobiles.  Sell  the  com- 
puter as  is,  through  a  retail  outlet.  Subsequentially 
charge  by  the  hour  for  all  levels  of  service  and 
support.  Sell  small  computers  systems  at  low  cost, 
with  a  built  in  profit,  then  charge  time  and 
materials  for  programming  and  service,  and  you 
will  make  a  profit.  Charge  a  higher  fixed  price 
for  the  computer  system,  include  an  unspecified 
amount  of  the  sales  support  in  this  higher  fixed 
price  and  you  stand  a  good  change  of  losing 
money.  I  doubt  if  many  of  you  can  argue  with 
that  statement.  The  questions  you  may  legitimately 
ask  are: 

1)  Will  customers  stand  still  for  this  new  set 
of  selling  rules  —  which  make  computers 
inherently  more  expensive? 

2)  Supposing  you  can  get  customer  acceptance, 
will  manufacturers  go  through  computer 
stores  rather  than  sell  direct? 

3)  Who  are  the  customers  we  are  talking  about 
anyway?  Are  there  enough  of  them  to  warrant 
anyone's  attention? 

Let  us  take  these  questions  one  at  a  time. 

First  of  all  let  us  discuss  customer  acceptance 
of  the  new  selling  rules. 

There  are  two  reasons  why  customers  will 
accept  such  selling  rules: 

First,  stores  can  afford  to  sell  computer  systems 
at  beguilingly  low  prices. 

Second,  anyone  who  continues  trying  to  sell 
the  old  way  will  quickly  go  bankrupt  and  disappear 
from  the  scene  —  just  as  all  his  predecessors 
have. 

So  why  won't  the  manufacturers  sell  direct? 
The  reason  is  because  retail  outlets  are  expensive. 
Assuming  there  are  ten  manufacturers  of  small 
computer  systems,  if  each  sells  direct,  then  each 
must  have  its  own  network  of  stores.  One  general 
store  may  serve  a  large  number  of  customers; 
that  will  reduce  the  number  of  stores  —  which 
must  be  inherently  cheaper.  Customers  would  far 
rather  go  to  one  store,  and  see  all  ten  computer 
models,  as  against  having  to  visit  ten  stores.  Just 
as  successful  stereo  system  stores  sell  a  variety 
of  models,  so  successful  computer  stores  will  sell 
a  variety  of  computers.  Furthermore,  if  computer 
stores  are  run  as  private  enterprises,  the  computer 
manufacturers  are  relieved  of  cost  associated  with 
managing  these  computer  outlets  and  ensuring 
that  they  are  being  run  honestly. 

Who  then  are  the  customers?  Broadly  they  fall 
into  three  groups: 

1)  There  are  small  industrial  manufacturers. 
These  customers  do  not  buy  computers  in 
sufficient  quantity  to  get  any  reasonable 
discount  from  the  minicomputer  manufacturer. 
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This  being  the  case  it  is  just  as  attractive 
to  run  down  when  needed  and  buy  hardware 
from  the  local  computer  store,  rather  than  to 
administer  a  large  number  of  purchasing 
small  contracts  with  manufacturers  and  hold 
the  necessary  inventory.  Also,  a  large  number 
of  these  small  industrial  customers  are 
buying  computer  hardware  for  the  first  time. 
It  was  not  until  the  advent  of  the  micro- 
processor that  computer  hardware  became 
cheap  enough  for  numerous  industrial  con- 
cerns. These  industrial  concerns  buy  a  great 
deal  of  know-how  when  they  go  down  to  a 
computer  store  to  buy  a  card,  rather  than 
designing  logic  from  components  —  the  way 
people  did  in  the  past. 

2)  There  are  the  small  businessmen  and  the 
single  computer  system  users  who  will  buy 
a  single  system  from  a  computer  store 
because  the  initial  price  is  very  attractive. 
This  may  at  first  appear  to  be  a  scam, 
because  the  subsequent  hidden  costs  are  so 
high.  But  in  reality  it  is  no  scam.  The  same 
customer  going  to  a  small  computer  systems 
company  is  also  likely  to  get  an  unrealistically 
low  initial  system  price.  Ask  almost  any 
small  computer  user  what  his  computer  sys- 
tem cost  in  the  end;  he  will  either  tell 
you  that  it  cost  far  more  than  was  first 
quoted,  or  he  will  tell  you  that  the  com- 
puter system  company  lost  a  pile  of  money 
keeping  its  obligations,  at  which  they  either 
went  broke  or  chose  another  business. 

3)  Then  there  are  the  "hobbyists".  I  am  sure 
there  are  people  buying  computers  in  order 
to  play  "StarTrek"  but  I  suspect  that  those 
hobbyists  who  are  investing  any  significant 
amount  of  money  in  their  computer  system 
are  doing  so  in  the  hopes  of  making  this 
expensive  hobby  ultimately  pay  for  itself. 
And  here  is  the  beauty  of  the  computer 
store  —  it  gives  the  hobbyist  the  opportunity 
to  see  his  hobby  pay  off. 

The  first  and  second  categories  of  computer 
buyer  described  above  are  a  very  fertile  market 
for  hobbyist  to  whom  to  sell  programming  and 
design  expertise.  A  hobbyist  would  be  very  pleased 
with  $3,000.00  gross  earned  over  three  months 
of  evenings  and  weekends  spent  creating  business 
programs  for  the  local  pharmacist.  Not  only  would 
these  $3,000  represent  useful  income,  but  the 
time  spent  generating  this  income  would  be  fun, 
not  work.  Any  established  software  company  could 
not  possibly  compete  with  the  hobbyist  in  a 
market  like  this;  a  company  that  is  going  to 
operate  as  a  profitable  business  venture  will 
finish  up  spending  anywhere  between  $10  to  $25 
per  byte  of  object  program.  Companies  who  claim 
to  do  it  for  less  are  either  most  unusual  or 
have  not  been  in  business  long  enough  to  see 
their  jobs  finally  close.  Now  you  may  argue 
that  a  computer  buyer  would  rather  go  to  a 
small  company  and  pay  more  money  as  against 
going  to  a  hobbyist  who  may  be  here  today  and 
gone  tomorrow.  That  argument  would  have  some 
validity  except  that  small  software  companies  are 
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CL2400 

Real  Time  Clock 


$98— Kit 


$135— Assembled 


If  your  system  needs  to  know  what  time  it  is,  our  CL2400  is 
the  board  for  you.  The  present  time  in  hours,  minutes,  and 
seconds  is  always  available  for  input,  and  is  continuously 
updated  by  the  highly  accurate  60  Hz  power  line  frequency. 
Need  periodic  interrupts?  The  CL2400  can  do  that,  too,  at  any 
of  6  rates.  Reference  manual  with  BASIC  and  assembly 
language  software  examples  included. 


PC3200 

Power  Control  System 

PC3232  $299— Kit  $360— Assm. 
PC3216  $189— Kit  $240— Assm. 
PC3202  $39.50— Kit        $52— Assm. 


If  your  system  needs  on/off  control  of  lights,  motors, 
appliances,  etc.,  our  PC3200  System  components  are  for 
you.  Control  boards  allow  one  I/O  port  to  control  32  (PC3232) 
or  16  (PC3216)  external  Power  Control  Units,  such  as  the 
PC3202  which  controls  120  VAC  loads  to  400  Watts.  Optically 
isolated,  low  voltage,  current-limited  control  lines  are 
standard  in  this  growing  product  line. 


LeJc 


'Real  World  Electronics" 


P.O.  Box  516 

La  Canada,  CA  91011 

(213)  790-7957 
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MORE  POWER  TO 
YOURALTAIR* 

1 2  AMPS  @8v.  (nominal) 
2  AMPS  (a)  ±16v. 


At  any  line  voltage  from: 

90  to  140  volts. 

Installs  easily  inside  any  Altair*  8800  or 
8800a. 

Over  voltage  and  over  current  protected. 
Conservatively  designed  and  specified. 


only  $90.00 

postpaid  in  the  U.S.A. 
California  residents  add 
$5.40  sales  tax. 


PARASITIC  ENGINEERING 


PO  BOX  6314 


ALBANY  CA  94706 


"Altair  is  a  trademark  of  MITS  Inc. 
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CONVERT  ANY  TV 

TO  A  HIGH  RESOLUTION  MONITOR 

Easy  Assembly  —  Easy  on  the  Budget 

TRVM-1     Hi-Resolution    $19.95 

Transformer  isolated  sets  only. 

HCVM-1     Hi-Resolution    $23.95 

For  EITHER  transformer  isolated  sets, 
or  "HOT"  chassis  type  sets. 

RFVM-1     RF  Modulator    $8.95 

Ch.  2  thru  6.  Any  TV  source  or  set. 

INSTRUCTIONS  INCLUDED 

SHIPPING  EXTRA,  ADD  $1.  (Foreign  Orders  $2) 


VAMP  Inc. 

P.O.  Box  2931  5 
Los  Angeles,  CA  90029 

DEALER  INQUIRY  WELCOME  I 
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YOU  Asked 
For  It 

•••••*•*••**•* 

OUR  PLOTTER  KITS  ARE  NOW  90%  ASSEMBLED 

AND   TESTED  (AT  NO  INCREASE  IN  PRICE). 

SEE  PAGE    68   FOR  FURTHER  DETAILS. 

*•••**•*••*•••• 

Sylvan  Hills  Lab  Inc. 

#1  SYLVANWAY,  BOX  239 
STRAFFORD.  MO  65757 
PHONE     417-736-2664 
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also  here  today  and  gone  tomorrow.  The  truth 
of  the  matter  is  that  the  hobbyists  offer  the  small 
customer  everything  the  small  company  does, 
but  at  a  fraction  of  the  cost.  For  small  logic 
design  jobs  the  same  economics  is  likely  to 
hold  true.  The  only  time  consulting  companies 
pay  their  way  is  when  the  product  has  to  be 
very  well  designed  —  for  example  when  it  is  going 
to  be  manufactured  in  high  volume  where  small 
savings  per  unit  count,  or  where  the  application 
is  a  very  difficult  one  that  can  only  be  solved 
by  someone  with  a  considerable  amount  of  expertise. 

Thus  there  is  a  very  bright  future  for  the  hobbyist 
who  wishes  to  make  money  out  of  his  computer 
hobby.  There  is  a  huge  market  for  programming 
and  logic  design  skills  available  to  the  hobbyist. 
Unfortunately,  the  hobbyist's  good  fortune  is  the 
small  company's  misfortune.  Small  consulting 
firms  and  software  houses  who  have  not  established 
an  excellent  reputation  will  simply  go  out  of 
business  when  faced  with  the  onslaught  of 
competition  from  the  emerging  hobbyists. 

What  then  does  this  mean  to  the  computer 
store  owner?  What  is  his  strategy  for  financial 
success? 

First  of  all,  like  any  other  business,  the  com- 
puter store  must  be  operated  in  a  sound  financial 
manner.  It  doesn't  matter  how  viable  a  business 
may  be,  if  mismanaged  it  will  fail.  Make  sure 
your  store  is  located  close  enough  to  a  customer 
base  to  give  you  the  volume  you  need,  then 
organize  your  business  on  sound  financial  lines. 
If  you  do  not  keep  sharp  control  of  your  in- 
ventory, pay  bills  on  time  and  plan  your  cash 
requirements  in  advance,  making  certain  that  you 
will  have  money  when  you  need  it,  then  you 
will  fail. 

Assuming  that  you  know  how  to  run  a  business 
then  what  should  you  sell?  Hardware  AND  pro- 
gramming services?  Indeed,  no.  Confine  yourself 
to  selling  hardware  and  to  fixing  hardware  —  for 
a  fee.  The  moment  you  start  going  into  the 
programming  business  you  become  a  small  soft- 
ware company,  doomed  to  failure  from  the  com- 
petition from  the  hobbyists.  Instead  of  offering 
programming  services  yourself,  and  that  means 
going  into  competition  with  the  hobbyist  who  are 
your  customer  base,  support  your  customer  base. 
Have  a  corkboard  in  the  store  where  hobbyists 
can  pin  cards  describing  the  services  of  your 
hobbyists  and  you  will  make  far  more  money  by 
giving  the  hobbyists  economic  survival  then  you 
would  by  taking  profit  from  them. 

The  future  success  of  the  computer  store, 
therefore,  is  based  on  the  ability  of  the  computer 
store  to  sell  a  wide  variety  of  computer  products 
on  a  cash  and  carry  basis.  The  difference  between 
what  you  charge  and  what  you  pay  is  your  profit. 
There  are  no  subsequent  hidden  expenses.  Under 
no  circumstances  should  you  allow  such  sub- 
sequent hidden  expenses  to  arise.  Build  a  growing 
customer  base  of  hobbyists  who  work  as  part-time 
consultants.  If  you  encourage  this  customer  base, 
then  computer  stores  will  solidify  their  position 
as  a  necessary  and  viable  economic  entities 
within  the  small  computer  industry. 
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This  program  works— not  despite  its 
imperfections— rather  because  of  them 


Ken  Berkum 


What's  the  glamour  field  of  computer  science? 
Is  it  Assembly  Language?  Operating  systems? 
Compilers?  No,  it's  Artificial  Intelligence. 

Artificial  Intelligence  —  even  the  words  sound 
mysterious.  To  create  a  thinking,  reasoning  ma- 
chine, what  could  be  more  ambitious  and 
rewarding? 

It's  still  a  long  way  off,  and  as  if  to  prove  that, 
the  majority  of  all  papers  published  in  the  field 
concern  themselves  primarily  with  merely  defining 
artificial  intelligence,  or  even  intelligence.  There  is 
no  simple  definition  and  it  may  be  irrelevent  when 
or  if  it  ever  is  defined. 

It  would  be  neat  to  have  your  Altair  respond  to 
spoken  commands  in  English,  fix  your  breakfast 
and  wash  the  dishes,  but  is  that  reasonable? 
This  article  will  look  at  one  aspect  of  Artificial 
Intelligence  (or  Al)  that  can  be  demonstrated  on 
your  micro.  But  don't  expect  it  to  clean  your  room. 

Intelligence  may  be  defined  as,  among  other 
things,  the  ability  to  solve  problems  and  to  learn. 
Certainly  there  are  some  elements  of  this  in  humans 
(contrary  to  popular  belief  about  some  human 
groups  like  politicians  and  college  students).  One 
of  the  best  ways  to  combine  problem  solving  and 
learning  is  in  game  playing.  With  a  game  one  must 
first  learn  the  rules,  solve  the  problem  of  winning, 
and  learn  strategy  all  along  the  way. 

Examining  this  we  find  three  areas:  1)  rote 
learning,  2)  problem  solving,  and  3)  learning  by 
experience.  Cases  can  be  made  for  all  three,  but  I 
find  learning  by  experience  to  be  the  most  fasci- 
nating of  all.  The  human  mind  appears  capable  of 
all  types  of  learning,  and  by  and  large,  most  com- 
puters are  capable  of  rote  learning.  Indeed,  en- 
tering a  machine  language  program  into  memory 
is  an  example  of  rote  learning.  With  people  it  is  not 
even  that  simple,  for  instance  repeating  a  tele- 
phone number  over  and  over  again,  until  they  are 
done  dialing. 

Game  playing  may  be  one  of  the  first  things 
machines  were  asked  to  do  to  prove  their  intel- 
ligence. Chess  machines  date  from  the  earliest 
days  of  computers.  Even  now  chess  programs  are 
extremely  popular  and  improving  their  play  dramat- 
ically. There  are  even  limited  chess  programs 
available  for  the  8080.  These  play  with  a  reduced 
board  and  reduced  number  of  pieces  (also  huge 


amounts  of  memory).  Chess  programs  in  the  early 
to  mid  Sixties  were  hailed  as  the  vanguard  of  Al. 
Now  they  are  relegated  to  a  much  lower  status  even 
as  their  playing  ability  improves. 

The  basic  program  that  follows  this  article  is  no 
chess  program,  but  it  does  demonstrate  some  of 
the  techniques  used  in  games  programming,  and 
provides  an  important  insight  into  the  origins  of 
some  elementary  computer  learning  theories.  The 
program,  called  Machine/Menace  is  aTic-Tac-Toe 
program. 

Tic-Tac-Toe?  What's  so  exciting  about  that?  I 
hearyou  cry.  Any  beginning  programmer  can  write 
a  Tic-Tac-Toe  program  that  plays  a  perfect  game, 
winning  when  the  user  makes  just  one  mistake,  and 
otherwise  drawing. 

This  is  a  special  program  however.  It  does  not 
know  how  to  play  that  perfect  game.  As  a  matter  of 
fact,  all  it  knows  is  that  you  can  not  go  twice  in  the 
same  square,  nor  where  the  other  person  has 
played,  and  to  win  you  must  get  three  in  a  row. 
Based  on  that  knowledge  alone  the  program  learns 
to  play  Tic-Tac-Toe,  so  that  soon  it  too  is  playing  a 
perfect  game.  The  program  demonstrates  rote 
learning,  the  rules  mentioned  above,  problem 
solving,  deciding  what  move  to  make  next,  and 
learning  by  experience  as  it  develops  a  strategy. 

Before  describing  the  program  and  how  it 
works,  I  will  give  a  brief  background.  More  informa- 
tion is  available  in  the  excellent  book  "On  Ma- 
chine Intelligence"  (1974)  by  Donald  Michie. 

The  program  is  a  computer  simulation  of  a  ma- 
chine that  was  actually  built  to  do  nothing  but  learn 
to  play  Tic-Tac-Toe,  ("Naughts  and  Crosses"  in 
Great  Britain).  This  was  built  by  Michie  in  the  early 
Sixties.  It  consisted  of  almost  300  matchboxes 
glued  together  and  many,  many  small  colored 
beads.  It  worked  as  follows:  Each  box  corres- 
ponded to  one  possible  configuration  of  the  board. 
Since  the  machine,  known  as  Menace,  was  always 
allowed  first  move  this  eliminated  half  the  possible 
configurations,  and  rotations  and  reflections  elimi- 
nated the  rest,  down  to  some  280-odd  possible 
boards.  By  configurations  I  mean  patterns  of  X's 
and  O's  as  could  possibly  be  created  by  two  playing 
people. 

There  were  nine  different  colors  of  beads. 
Each  square  of  the  board  corresponded  to  one 
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color.  Therefore  all  possible  legal  moves  for  any 
one  configuration  could  be  represented  by  the 
beads  of  the  colors  of  squares  not  in  use  at  that 
time  (see  Diagram  1).  For  each  matchbox,  then  the 
legal  moves  were  represented  by  beads,  and  those 
beads  were  placed  in  the  matchboxes.  Each  box 
had  a  little  funnel  arrangement  so  that  when  it  was 
pulled  out  a  single  bead  would  fall  down  at  random 
and  be  chosen.  The  square  thus  designated  was 
then  the  machine's  move. 

DIAGRAM  1 


ORANGE  PINK 


WHITE 


RED     RED     RED     RED 
PINK     PINK     PINK     PINK 
BLUE     BLUE     BLUE     BLUE 

A  (1,1)  =  4 
A  (1,2)  =  4 
A  (1,5)  =  4 


Diagram  1  shows  how  the  squares  are  numbered 
and  colored  the  beads  assigned  to  each.  The  follow- 
ing diagram  shows  how  the  matchbox  for  position 
one  is  set  up. 


A  piece  of  paper  was  then  marked  with  the 
machine's  move,  and  the  human  player  (Michie) 
would  mark  down  his  move.  Then  the  new  match- 
box was  determined  (after  deciding  which  reflec- 
tion was  correct),  play  continued. 

Finally  either  Menace  won,  Michie  won,  or  the 
game  was  a  draw.  If  a  draw,  nothing  happened  and 
the  next  game  was  started.  However  in  the  case  of 


a  win  or  a  loss  Menace  needed  some  feedback  so 
that  it  could  improve  its  game.  In  the  case  of  a  win 
it  would  be  useful  to  encourage  that  sequence  of 
moves  that  leads  it  to  the  win.  Specifically  the 
closer  to  the  end  of  the  game,  the  more  important 
the  moves  were  to  the  win.  On  the  other  hand,  if  the 
machine  lost  it  would  be  desirable  to  discourage 
those  moves  that  lead  to  the  loss.  Michie  decided 
on  a  simple  reward  and  punishment  scheme.  If 
Menace  won  he  added  a  bead  to  each  box  that  was 
left  open  indicating  it  was  used,  and  if  it  lost  then  he 
removed  a  bead  from  it. 

Now  the  trick  was  to  make  the  later  moves 
count  more  heavily.  He  did  that  when  he  calculated 
the  number  of  beads  to  place  in  each  box  to  initial- 
ize the  system.  Each  box  can  be  characterized  by 
the  number  of  moves  made  in  the  game  up  to  that 
point.  It  will  always  be  less  than  4.  Very  simply, 
Michie  started  with  4  beads  in  a  one  move  box,  3 
in  a  two  move  box,  and  so  on  up  to  one  in  a  four 
move  box.  In  this  way  Menace  was  allowed  one 
poor  move  if  it  resulted  directly  in  a  loss,  but  up  to 
four  chances  if  the  move  occured  early  in  the  game. 
Note  that  the  reward  and  punishment  beads  were 
added  or  removed  to  all  the  boxes  that  were  used 
during  that  game,  and  the  bead  the  color  of  the 
square  that  was  used. 

Thus  Michie  ended  up  with  a  machine  that 
(relatively)  rapidly  learned  to  play  Tic-Tac-Toe,  and 
after  a  mere  200  games  was  playing  on  an  equal 
footing  with  its  creator.  All  this  from  some  match 
boxes.  Machine/Menace  the  program  presented 
here,  simulates  Menace  in  BASIC  for  use  on  a  mini 
or  micro  computer. 

All  effort  was  made  when  writing  this  program 
to  use  standard  BASIC  instructions.  Although  the 
machine  I  was  using,  a  Burroughs  B6700,  allowed 
such  things  as  matrix  operations  and  disc  usage, 
this  version  should  run  on  any  micro  or  mini  with 
enough  memory. 

Unfortunately,  that  clause  about  the  memory  may 
eliminate  many  people.  The  program  uses  several 
arrays,  one  of  them  at  least  100  by  9!  The  only  way 
around  this  is  to  have  disc  or  some  other  large 
scale  rapid  access  memory.  A  cassette  unit  will 
not  do  because  the  program  reads  the  array  many 
times  per  move,  and  reading  in  from  a  tape  would 
take  forever  to  play  a  game.  People  with  a  floppy 
will  have  little  trouble  interfacing  this  program  to  it. 

The  program  works  very  much  like  the  match- 
box version.  Following  are  some  programming  de- 
tails, and  the  comments  in  the  code  also  describe 
how  it  works. 

First  it  initializes  the  current  board  and  all  it's 
counters,  then  starts  to  compute  its  move.  Note 
that  it  keeps  track  of  games  won,  lost,  drawn,  and 
total  played.  The  board  format  is  as  follows.  Matrix 
BO  is  the  board.  If  a  cell  contains  a  -3  then  no  one 
has  played  there.  If  it  contains  a  -1  then  the  program 
has  played  there,  if  it  contains  a  -2  then  the  player 
has  played  there.  Next  it  proceeds  to  check  as  to 
whether  it  has  encountered  that  particular  board 
layout  before.  The  array  A  contains  all  the  boards 
that  have  been  previously  used.  Obviously  the  more 
one  plays,  the  larger  A  grows,  although  this  is  not 
always  true,  as  we  shall  see  later  on.  Michie's 
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It  Comes  Naturally  With 
The  Altair™  8800b 

The  Altair  8800b  from  MITS:  the  second  gen- 
eration design  of  the  microcomputer  that 
started  it  all.  The  mainframe  that  has  the  abil- 
ities everyone  is  demanding  from  microcom- 
puters today: 

Expand-ability: 

The  Altair  8800b  power  supply  and  one- 
piece,  18-slot  motherboard  allow  efficient 
and  easy  expandability  for  memory  and  I/O 
options.  All  Altair  PC  boards  are  designed  to 
give  you  maximum  capability/lowest  power 
usage  possible  per  board.  This  means  that 
for  each  slot  used  you  get  more  features  and 
require  less  power,  than  with  any  of  the  "off- 
brand"  Altair-bus-compatible  boards. 

Whether  you  buy  an  entire  system  up  front  or 
choose  to  expand  gradually,  it's  easy  to  get 
the  configuration  you  need  with  the  com- 
plete family  of  AJtair  peripheral  equipment, 
including 
floppy  disk,  line 
printer,  audio 
cassette  record 
interface,    A/D 


PROM  program- 
mer, serial  and 
parallel  I/O  boards, 


choice  of  foui  different  memory  boards  and 
many  others. 

Reli-ability: 

The  unique  design  features  of  the  Altair 
8800b,  which  have  set  the  standard  for  the 
microcomputer  industry,  make  it  the  most 
reliable  unit  of  its  kind.  The  Altair  100-pin  bus, 
the  now-standard  design  used  by  many  imi- 
tators, has  been  "standard"  all  along  at  MITS. 
The  unique  Front  Panel  Interface  Board  on 
the  Altair  8800b  isolates  and  filters  front  panel 
noise  before  it  can  be  transmitted  to  the  bus. 
The  all-new  CPU  board  utilizes  the  8080A 
microprocessor,  Intel  8224  clock  generator 
and  8216  bus  drivers. 

Flex-ability: 

Meeting  the  diversified  demands  of  an  ever- 
increasing  microprocessor  market  requires 
flexibility:  not  just  hardware  flexibility  but 


software  flexibility  as  well.  MITS  software, 
including  the  innovative  Altair  BASIC  lan- 
guage, allows  the  full  potential  of  the  Altair 
8800b  computer  to  be  realized. 
8K  ALTAIR  BASIC  has  facilities  for  variable 
length  strings  with  LEFT$,  RIGHTS,  and  MID$ 
functions,  a  concatenation  operator,  and 
VAL  AND  STR$  functions  to  convert  between 
strings  and  numbers. 

Extended  ALTAIR  BASIC  allows  integer,  single 
and  double  precision  variables,  automatic 
line  numbering  and  renumbering,  user- 
defined  string  functions.  PRINT  USING  for  for- 
matted output  and  a  powerful  EDIT  com- 
mand for  editing  program  files  during  or  after 
entry.  Extended  statements  and  commands 
include  IF.  .  .  THEN  .  .  .  ELSE,  LIST  and  DELETE 
program  lines,  SWAP  variables  and  Trace  On 
and  Oft  for  debugging. 

Disk  ALTAIR  BASIC  has  all  the  features  of 
Extended  BASIC  with  the  additional  capa- 
bility to  maintain  sequential  and  random 
access  disk  files.  Utilities  are  provided  for 
formatting  disks  and  printing  directories. 
In  all  versions  of  ALTAIR  BASIC  you  get  the 
ease  and  efficiency  of  BASIC  for  the  solution 
of  real  world  problems. 
Package  II,  an  assembly  language  develop- 
ment system  for  the  Altair  8800b,  includes 
system  monitor,  text  editor,  assembler  and 
debug. 

Aftbrd-ability: 

Prices  for  the  Altair  8800b  start  at 

I  $840.00  for  a  kit  and  $1100.00  for  an 
assembled  unit  (all  documentation 
included). 

For  a  complete  listing  of  prices  on 
all  Altair  products  and  a  free  bro- 
chure, contact: 


ROBOTS 


are  almost  within  our  reach 
and  we  within  theirs 


Intelligent  machines  — 
machines  that  sense,  decide, 
work,  do  battle  (but  don't 
vote)  —  are  being  developed 
now  in  the  laboratories  of 
governments  and  industries 
and  on  the  workbenches  of 
thousands  of  free  citizens 
exercising  their  freedom  in  the 
new  field  of  personal  com- 
puting. Robots  are  on  our 
doorstep  —  "for  good  or  for 
ill." 

USRS  is  established  "for 
good"  the  good  of  Mankind  — 
not  in  opposition  or  advocacy 
(opposition  is  idle,  advocacy 
unnecessary)  but  to  gather 
information  and  report  to  all 
who  can  face  the  Age  of  the 
Robot  with  the  appropriate 
curiosity  and  spirit  of  adven- 
ture. We  invite  your  support 
and  active  participation.  Char- 
ter membership  and  first-year 
dues  $12.  Details  with  your 
certificate. 


United 

States 

Robotics 

Society 

A  Non-Profit  Organization 

Glenn  R.  Norris,  President 

Box  26484 

Albuquerque,  New  Mexico  87102 


USRS 
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matchboxes  only  existed  for  certain  positions  and 
their  reflections.  I  found  it  more  convenient  to 
check  for  positions  and  their  rotations.  First  the 
program  checks  the  board  against  its  store  of 
boards;  if  it  is  not  found  then  it  rotates  it  clockwise 
and  tries  again.  It  continues  in  this  way  until  it  is 
back  to  starting  position,  at  which  point  it  rotates 
the  board  counter-clockwise   until   back  home. 


It  is  an  exciting 
thought  that  you  can 
teach  an  old  computer 
new  tricks 


At  this  point  it  has  either  been  found,  in  which 
case  play  continues,  or  not  found,  in  which  case 
the  current  board  is  entered  in  matrix  A  and  the 
number  of  boards  found,  T4  is  incremented.  Then 
play  continues.  Here  is  how  I  swung  the  bead  trick. 
Notice  that  the  player  indication  is  by  the  storage 
of  negative  numbers.  When  the  program  encount- 
ers a  positive  number  then  it  counts  those  as 
beads.  It  knows  what  color  the  beads  are,  by  which 
cell  they  are  in.  Thus  if  position  1  is  red,  and  BO(1) 
=  4  then  that  board  configuration  contains  4  red 
beads.  When  a  board  configuration  is  created  and 
stored  in  matrix  A  the  number  of  beads  and  their 
colors  are  calculated  and  included.  Notice  also, 
that  board  #1  is  created  as  part  of  initialization. 

The  results  of  all  this  are  new  boards  being 
created  and  stored  only  when  a  new  unique  situa- 
tion occurs.  And  one  other  odd  thing:  when  you 
display  a  board  that  has  been  rotated  it  will  display 
in  the  new  position.  This  can  be  confusing  at  first, 
but  saves  a  lot  of  precious  programming  space. 
Just  remember,  if  the  board  suddenly  looks  much 
different,  it  is  because  it  is  rotated,  but  it  is  still  the 
same  configuration. 

Once  a  board  has  been  found  or  created  then 
the  machine  must  make  its  move.  It  chooses  ran- 
domly among  the  available  squares,  but  it  is 
weighted  towards  the  ones  with  more  beads.  To 
accomplish  this  I  sacrificed  memory  for  speed.  The 
program  fills  an  array,  Q,  with  each  board  position 
that  is  available.  It  does  this  12  times,  where  12  is 
the  number  of  beads  in  that  square.  Therefore  if 
there  are  C1  total  entries  in  Q  a  random  number  be- 
tween 1  and  C1  will  choose  a  position  from  those 
stored  in  Q  that  is  weighted  according  to  the  num- 
ber of  beads  in  each  square.  It  could  be  done  with- 
out the  matrix  Q  to  save  memory,  however  the  al- 
gorithm takes  time,  which  is  also  at  a  premium  in 
a  micro. 

Operation  is  straightforward  from  there  on 
out,  the  machine  asks  for  input  from  the  player,  and 
tests  for  wins  losses  and  draws,  etc.  At  the  end  of 
the  game  it  penalizes  or  rewards  itself  by  adding  or 
subtracting  beads,  as  kept  track  in  matrix  R2. 
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The  program  is  set  up  not  so  much  to  provide 
an  enjoyable  game,  as  to  be  quick  and  easy  to 
use.  The  board  prints  out  -3's  where  a  space  is 
empty,  as  that  is  what  is  the  matrix  BO  and  no  for- 
matting is  done.  After  all  it  may  be  necessary  to 
play  some  100-200  games  to  get  good  results. 

You  may  not  want  to  play  all  those  games  at 
once,  so  it  would  be  worthwhile  to  dump  array 
A,T4,G,W1,L,  and  D  when  you  get  tired  and  re-load 
them  to  continue.  Since  A  is  a  large  array,  some 
sort  of  mass  storage,  such  as  a  cassette  or  floppy 
would  be  best.  The  comments  in  the  BASIC  program 
show  where  to  insert  your  own  specific  dump 
routine. 

In  my  own  tests,  the  first  time  I  started  playing 
after  about  70  games  I  had  taught  Machine/Menace 
to  either  draw  or  resign  depending  on  my  first 
move!  If  it  saw  it  could  draw  it  would  do  so,  other- 
wise it  ended  up  with  no  beads  left  in  any  squares, 
and  that  signals  it  to  resign.  It  knows  it  can't  win. 

In  later  experiments  I  spent  time  attempting 
to  teach  it  strategy,  so  that  it  would  play  to  win  not 
just  to  draw.  I  was  somewhat  successful,  but  need 
still  more  games  to  tell  for  sure.  I  would  enjoy 
hearing  from  people  who  use  this  program  to  see 
what  kinds  of  results  they  get. 

To  test  the  intelligence  of  this  program  a  seri- 
ous effort  of  teaching  would  be  needed.  One  could 
try  teaching  different  strategies,  and  even  different 
games  to  it.  Of  great  use  would  be  another  program 
to  play  the  opposite  person  with  Machine/Menace. 
Together  they  could  run  off  thousands  of  games 
and  test  trends  of  valid  statistical  meaning.  One 
could  even  design  a  program  that  plays  at  different 
levels  of  experience,  up  to  the  perfect  game,  to  see 
how  Machine/Menace  racks  up  against  a  pro. 

The  purpose  of  this  program  is  not  to  produce 
a  HAL  or  a  Mike  (of  Heinlien  fame),  but  to  show 
how,  in  a  small  way,  even  micros  can  do  impressive 
things.  I  found  myself  cheering  the  computer  on  as 
it  scored  a  victory  over  me  or  made  a  brilliant 
move.  Furthermore,  this  program  could  be  used  to 
teach  any  kind  of  variation  of  Tic-Tac-Toe,  and 
modifications  could  allow  it  to  learn  many  other 
games  as  well. 

There  is  no  one  that  would  call  Machine/ 
Menace  intelligent,  and  yet  it  does  demonstrate 
learning,  both  rote  and  through  inference  and  it 
certainly  learns  a  strategy  as  it  proceeds.  What  else 
is  required  of  intelligence?  Decision  making? 
Memory?  Stimulus  and  response?  All  these 
Machine/Menace  does.  Something  seems  to  be 
lacking  however. 

As  a  last  ditch  effort  to  define  intelligence  I 
leave  you  with  this  classic  problem:  Which  is  more 
intelligent  a  chess  program  that  plays  a  perfect 
game,  but  refers  to  the  pieces  by  number  and  letter 
and  has  no  display  of  the  goings  on,  or  one  which 
plays  fair  to  middling  but  reaches  out  with  a  hand 
and  moves  the  pieces  on  a  board,  while  observing 
what  the  other  player  moves? 

This  is  the  merest  beginning  of  Artificial  Intel- 
ligence on  the  micro  computer.  It  just  scratches 
the  surface  of  this  vast  field.  Nonetheless  it  is  an 
exciting  thought  that  you  can  teach  an  old  compu- 
ter new  tricks. 
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YOU'VE  SEEN  THIS  PRINTER 
AT  TWICE  THE  PRICE... 


NOW  ONLY  $276.00* 

NEW!  NOT  USED!  COMPLETE! 
EXPANDOR  PRINTER 

•Operates  at  10CPS 

•  Prints  80  positions  wide-10  CPI 

•  Pin  feed  platen  included 

•8  Bit  parallel  interface  included 

•  64  Character  ASCII  code  set 

(P.S.    It's  compatible  with  the  PortaCom.) 

Cover  Optional  at  $29.50 

*  Pa.  residents  add  6%  sales  tax. 

CHECK. ..MONEY  ORDER... BANK  AMERICARD. 
MASTERCHARGE 

EXPANDOR  INCORPORATED 

Dept.  222,  612  Beatty  Road, 

Monroeville,  Pa.  15146 
Telephone:    (412)373-0300 
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Featuring  the 

test  equipment 

and  accessories 

you've  been 

looking  for  in 

money-saving, 

easy-to-build 

kit  form. 


And  our  new  catalog  also  lists  hi-fi,  television,  amateur 
radio  products  and  much  more  . . .  nearly  400  quality  elec- 
tronic kits  for  your  every  interest.  You'll  find  Heathkit 
building  easy  and  enjoyable  with  our  famous  step-by-step 
assembly  manuals.  And  we  won't  let  you  fail.  Should  you 
have  the  slightest  problem,  an  experienced  staff  of  tech- 
nical advisors  awaits  your  phone  call. 
Send  for  your  FREE  catalog  today.  You'll  see  why  quality" 
reliability  and  serviceability  are  familiar  words  to  a 
Heathkit  customer. 
Heath  Company,  Dept.  343-27,  Benton  Harbor,  Michigan  49022 


I 

I 


Heath  Company,  Dept.  343-27 
Benton  Harbor,  Michigan  49022 

Please  send  my  FREE  Heathkit  catalog.  I  am  not  on  your  rnaHing  list. 
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Zip- 
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Figure  1. 


Figure  2. 
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Guess  who  just  bought  our 

new  Microfloppy  for  $1095 

including  software? 


Plug-compatible 
for  $1095 

iCOM's  brand  new  Micro- 
floppy® is  specifically  designed 
for  the  personal  computer 
user.  It's  smaller,  using  the 
new  51/4-inch  diskette,  and  is 
priced  at  only  $1095  including 
disk  drive,  power  supply, 
cabinet,  controller/ interface 
card,  all  cables  and  connec- 
tors, plus,  on  diskette,  iCOM's 
new  FDOS-M  software, 
including  assembler,  editor, 
and  file  manager.  And  for  a 
limited  timef  you  also  get  an 
8K  Disk  BASIC  package  at  no 
extra  cost. 

Best  of  all,  iCOM's  Microfloppy®  is 
fully  assembled  and  tested.  It's  100% 
compatible  with  Altair,  IMSAI,  Poly  88 
and  other  microcomputers  using  the 
Altair  bus  format. 


'Offer  good  through  April  15, 1977 


Much  faster  than  a  cassette 

This  compact,  economical  Floppy 
Disk  System  is  10  to  15  times  faster 
than  a  cassette.  Programs  can  be 
loaded  in  seconds,  a  source  program 
of  several  thousand  characters  can 
be  corrected  and  a  new  file  stored  on 
diskette  in  less  than  a  minute.  Any  of 
up  to  175  files  can  be  reached  in 
1.5  seconds. 


iCOM  —  the  leader 

We've  been  building  Floppy 
Disk  Systems  for  micro- 
computers for  nearly  three 
years.  Thousands  of  our 
systems  are  operating  per- 
fectly in  the  field.  Many  major 
computer  manufacturers  have 
incorporated  our  Floppy  Disks 
into  their  systems.  We  deliver, 
and  we'll  be  around  to  give 
you  service  whenever  you 
may  need  it.  You  see,  we're  a 
division  of  Pertec  Computer 
Corp.,  one  of  the  largest  and 
most  respected  manufact- 
urers of  peripherals,  microsystems, 
data  entry  products,  and  data 
processing  systems. 

So  you  don't  need  to  risk  getting 
burned  by  a  fly-by-night  company. 
Order  an  iCOM®  Microfloppy®  and 
be  sure  of  getting  the  best. 

See  iCOM's  Microfloppy®  now  at 
your  local  computer  store.  Or  contact 
us  for  the  name  of  your  dealer. 


v® 
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GAMES  WON 


GAMES  LUST 


GAMES  DHAhN 


bMFTY  SPOTS 


15  USED  FOR  COMPUTING  H EW AHDS/F U N IShMENTS 


10   REM  MACHINE/MENACE 

15  KEN  bfcHKUN 

20  DIM  B0(9) , A(300,9) ,E(9) ,H2(9,2) ,Q( 100) 

30  Bhh  INITIALIZE  The  FIRST  BOX.  SUUAHES  1,2,  AND  5  ARE  THE 

40  hbh  ONL1  UNIQUE  STARTING  POSITIONS  (SEE  TEXT) 

50  AO  ,  1  )  =  4 

00  A(  1  ,2)  =  4 

70  AO,5)  =  4 

00  hEM  T4  IS  NOMbbK  OK  BQAHDS  ChEATED 
y  0  T 1  =  1 
100  HEM  G  IS  TOTAL  NUMBEH  UP  GAMbS 

1  10  G=0 
120  HEM  hi  IS 
130    W1  =  0 
140  HEM  L   IS 
150  L=0 
160  hbM  D   IS 
170  D=0 

loO  HbM  PILL  Thb  bUARD  WITH 
190  FOR  1  =  1  TO  9 
200  B0(1)  =  -3 
210  FUR  K  =  1  TO  2 
220  REM  ARRAY 
230  h2(l,K)=0 
240  NbXT  K 

250   NEXT  I 

260   h1=0 

270  HbM  bVhRYTHING  SHOULD  Bb  CLEARED  BY  NOW 

200  PRINT  "Mi  MOVE" 

2y0  KbM  ALGUHYTHM  IS  AS  FOLLOWS I  IP  THE  BOAhD  MATCHES  A(J,*)  THEN 

300  REM  YOU'VE  FOUNb  IT,  ELSE  TRY  THE  NEXT  STORED  PATTERN,  WHEN 

310  REM  DONE  WITH  THUSE  HUTATE  THE  CURRENT  UNE  (BO)  AND  START  AGAIN 

320  REM  LINE  990  IS  A  SUCCESS 

330  FOH  H  =  1  TO  8 

340  REM  THIS  LUOP  IS  FOR  ROTATING 

3&0  FOR  J  =  1  TO  T4 

300  REM  THIS  LOOP  IS  FOR  TESTING  bACh  PATTERN 

370  FOR  I  =  1  TO  9 

360  KEM  Thb  FOLLOWING  HIGAMAhULE  IS  BECAUSE  THE  bASIC  THE  PROGRAM 

390  REM  WAS  WRITTEN  ON  DUES  NUT  ALLOW  BOOLEAN  OPER ATO KS : AN D  OR  NOT,  ETC. 

400  IF  bOU)  =  A(J,1)  THEN  440 

410  IF  AW,1)  >=  0  THEN  430 

420  GO  TO  400 

43U  IF  bO(l)  >-3  THEN  460 

440  NEXT  1 

450  REM  END  OF  BOARD  CHECK 

400  I2=J 

470  00  TO  990 

400  NEXT  J 

490  REM  END  OF  PATTERN  CHECK 

500  FOR  1     =  1  TU  9 

510  REM  E  IS  AN  ARRAY  FUR  TEMPORARY  STORAGE  WHILE  ROTATING 

520  btl )  =  B0(1  ) 

530  NbXT  I 

540  IF  R  >  4  THEN  670 

550  REM  FIRST  hOTATE  ONE  WAY 

500  60(1  )  =  E(3> 

570  B0(2)  =  E(6) 

$60  B0(3)  =  E(9) 

590  bO(4)  =  fc.12) 

600  B0(5)  =  E(5) 

010  B0(6)  =  E(d) 

020  B0(7)  =  E( 1 ) 

630  B016)  =  E(4 ) 

040  b0(9)  =  E(7) 

650  GO  TO  760 

060  REM  AND  THEN  THE  OTHER 

070  B0(1  )  =  tl7) 

060  B0(2)  =  b(4) 

690  B0(3)  =  E(l  ) 

700  B0(4)  =  EU> 

710  B0(5)  =  E(5) 

720  BO(b)  =  E12) 

730  B0(7)  =  E(9) 

740  B0(o)  =  LIO) 

750  bO(9)  =  E(3) 

760  NEXT  R 

770  hEM  END  OF  ROTATIONS 

760  REM  NOW  IT  HAS  bEEN  ROTATED,  DONE,  NUT  PUUND 

790  REH  CREATE  A  NbW  BOARD 

600  T4=T4+1 

610  Pb  =  0 

020  REM  P6  IS  USED  FOR  INITIALIZING  THE  I    OF  BEADS  PER  SQUARE 

630  FOR  1  =  1  TU  9 

640  A(T4,I)  =  bO(l) 

050     IF     BO(I)     =    -1     THEN     PB=PB+1 

660    NEXT     1 

670    12=    T4 

660  HEM  SEE  TEXT  ON  INITIALIZATION  OF  bEADS 

690  IF  P6  =  1  ThEN  PO  =  4 

90U  IF  PO  =  2  THEN  P8  =  3 

910  IF  Ft)  =  3  THEN  Pti  =  2 

920  IF  P6  =  4  THEN  Pb  =  1 

930  FOR  I  =  1  TO  9 

940  IF  AIT4.1)  =  -3  ThEN  A(T4,1)=P6 

950  NbXT  I 

960  HbM  Thb  FOLLOWING  LINES  COMPUTE  THE  WEIGHTED  RANDOM  SELECTION 

970  HEM  OF  BEADS.   THERE  ARE  CI  TOTAL  NUMBER  OF  BEADS.  QCC1)  CONTAINS 

y60  REM  THE  EFFECTIVE  COLOR  OF  THE  BEAD  (SQUARE  NUMBER). 

990  CI  =  0 

1000  FUR  I  =  1  TO  9 

1010  IF  A112.1)  <  0  THEN  IOdO 

1020  FOR  J  =  1  TU  AU2.1) 

1030  IF  AU2.I)  >  0  ThEN  C1=C1  +  1 

1040  IF  A(I2,I)  >     0    ThEN  U(C1)  =  I 

1050  NEXT  J 

1060  NEXT  1 

1070  HEM  IF  CI  IS  ZERO  THEN  THERE  AHE  NU  BEADS  LEFT  AND  THE  PROGRAM 

1000  REM  IS  GIVING  UP. 

1090  IF  CI  =  0  THEN  2230 

1100  HEM  R1  COUNTS  THE  MOVES  MADE 

1 1 10  R1=R1+1 

1120  REM  G1  IS  A  RANDOM  NUMBEh  BETWEEN  0  AND  TOTAL  NUMBER  OF  BEADS,  CI 

1130  01  =  1NTUHND(Z)»C1  )  )+l 

1140  HEM  TnEHEFOR  Q(G1)  IS  A  WIEGHTED  RANDOM  SELECTION  OF  BEADS! 

1150  REM  MO  IS  THE  MOVE  P0S1T1UN 

1  100  MO=Q(G  1  ) 

1  170  BUtMO  )=  -1 

1160  REM  R2 (MOVECOUNT, 1 )  GETS  THE  MOVE  POSITION 

1190  REM  R2(MUVECU0NT, 2 )  GETS  THE  BOARD  NUMBER  SO  IT  CAN  Bb  FOUND 

1200  R2(R1 , 1  )  =  M0 

1210  R2(hl  ,2)=I2 


1220 
1230 
1240 
1250 
1260 
1270 
12bD 
1290 
1300 
1310 
1320 
1330 
1310 
1350 
1360 
1370 
1360 
1390 
1400 
1410 
1420 
1430 
1  1J4Q 
1450 
1460 
1470 
1460 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1560 
1590 
1600 
1010 

1020 

163  0 
1640 
1050 
1600 
1070 
1060 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
17  60 
1790 
1600 
1610 
1620 
1o30 
1640 
1650 
1660 
1670 
1660 
1690 
1900 
1910 
1920 
1930 
1940 
1950 
19  60 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2060 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2160 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2260 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2360 
2390 
2400 
2410 


REM  THE  SUBROUTINE  CALLED  PRINTS  OUT  THE  BOARD 

GU  SUB  1490 

HEM  THIS  SUBROUTINE  CHECKS  FOR  A  WIN  LOSS  OH  DRAW 

REM  IF  W  IS  SET  TO  -1  THEN  THE  PROGRAM  WON,  ELSE  GO  UN 

GO  SUB  1700 

REM  LINE  2120  IS  THE  WIN  CONDITION 

IK  W  =  -1  THEN  2120 

FOR  I  =  1  TO  9 

REM  IF  THERE  IS  STILL  AN  EMPTY  SQUARE  THEN  LET  THE  HUMAN  GO 

IF  BOH)  =   -3  THEN  1  350 

NEXT  I 

REM  ELSE  A  TIE  AND  GO  TO  2230  FUR  THAT  CONDITION 

GO  TO  2230 

PRINT  "YOUH  MOVE" 

REM  INPUT  USER'S  HOVE 

INPUT  MO 
REM  IF  ILLEGAL  ThEN  TRY  AGAIN 

IF  BO(MO)  O  -3  ThEN  1290 
REM  ELSE  SET  THAT  SQUARE  TO  A  -2  TO  SHUW  IT'S  IN  USE 
bO{MO)  =  -2 

REM  THEN  TEST  FOH  WIN,  ETC.  NUTE  THAT  HOARD  IS  NOT  PRINTED 
GO  SUb  1700 

REM  IS  W  =  -2  THEN  HUMAN  WUN 
IF  W  =  -2  ThEN  2290 

REM  ELSE  GU  bACK  AND  LET  THE  MACHINb  DO  IT  AGAIN 
GO  TO  200 

HEM  PRINT  SUbRUUTlNb.  NUThlNG  FANCY.  EASY  TO  CHANGE 
FUR  1  =  1  TU  3 
PRINT  bO tl ) ; 
NEXT  1 
PRINT 

FOH  I  =  4  TU  b 
PHINT  BO(I  )  ; 
NEXT  1 
PRINT 

FUR  1  =  7  TU  9 
PRINT  BO(I ) ; 
NEXT  I 
PRINT 

REM  END  OF  PRINT  ROUTINE 
RETURN 

HEM  TEST  FOR  WIN  SECTION 

HEM  THE  FOLLOWING  IS  SO  COMPLICATED  BECAUSE  THE 
REM  ORIGINAL  MACHINb  DID  NOT  ALLOW  bUOLEAN  OPERATORS. 
REM  IT  WOULD  bE  EASY  TO  SIMPLIFY  OThERWISE.   IN  OPERATION 
hEM  IT  TESTS  FOR  THREE  IN  A  ROW  UP  DOWN  UR  DIAGONAL,  ThEN 
HEM  SETS  W  =  TO  -1  UH  -2  IF  THE  MACHINE,  OR  THE  HUMAN  WINS, 
HEM  RESPECTIVELY.  bLSE  IT  REMAINS  AT  ZEHO.  THEN  IT  RETURNS 
W=  0 

It     B0(1 )  <>  B0(2)  ThEN  1750 
IF  B0(2)  =  B0(3)  THEN  W  =  1 
IF  b0(2)  <>  B0(3)  THEN  1750 
IF  60(1 )  >  -3  THEN  201U 
IF  B014)  <>  bO(5)  THEN  1790 
IF  60(5)  =  bO(D)  THEN  W  =  2 
IF  B0(5)  <>  bO(b)  THEN  1790 
IF  b0(4)  >  -3  THbN  2010 
IF  B017)  <>  BO(o)  THtN  I03O 
It  B0(6)  =  bO<9)  THEN  W  =  3 
IP  BO(b)  <>  B0(9)  ThEN  1o30 
IF  b0(7)  >  -3  THEN  2010 
IF  B0(1 )  <>  b0(4)  THEN  1670 
IF  B0(4)  =  B0(7)  THEN  W  =  4 
IF  b0(4)  <>    B0(7)  THEN  1670 
IF  BOO )  >  -3  THEN  2010 
IF  B0(2)<>  B0(5)  THEN  1910 
IF  B0(5)  =  B0(6)  THEN  W  =  5 
IF  B0(5)  <>  B0(0)  THEN  1910 
IF  B0(2)  >  -3  ThEN  2010 
IP  B0(3)  <>  B0(0)  ThEN  1950 
IF  B0(0)  =  bO(9)  THEN  W  =  6 
IF  B0(6)  <>  bO(9)  THEN  1950 
IF  B0(3)  >  -3  THEN  2010 
IF  B0(1  )  <>  B0(5)  THEN  1990 
IF  B0(5)  =  B0(9)  THEN  W  =  7 
IF  B0(5)  <>  B0(9)  THEN  1990 
IF  BOO)  >  -3  THEN  2010 
IF  B0(3)  <>  B0(5)  THEN  2010 
IF  B0(5)  =  B0(7)  THEN  W  =  6 
IF  W  =  0  THEN  RETURN 
IF  W  =  1  THEN  W  1  BOO  ) 
IF  W  =  2  THEN  W  =  B0(4 ) 
IF  W  =  3  THEN  W  =  B0(7) 
IF  W  =  4  THEN  W  =  B0( 1 ) 
IF  W  =  5  THEN  W  =  B0(2) 
IF  W  =  6  THEN  W  =  B0(3) 
IF  W  =  7  THEN  W  =  B0(1  ) 
IF  W  =  6  ThEN  W  =  bO(3) 
RETURN 

REM  MACHINE  WON. 
PRINT  "I  W0N-BRAV01" 

REM  INCREMENT  GAMES  WON,  ANDTOTAL  PLAYED 
U=G  +  1 
W1=W1+1 

HEM  REFERENCED  BY  H2  AND  INCREMENT  IT 
FOR  I  =  1  TO  HI 

A(R2(1,2),R2(I,1))=A(H2(1,2),R2(I,1))+1 
NEXT  1 

REM  GO  PRINT  OUT  STATUS 
GO  TO  2360 
HEM  DHAW  SUBROUTINE 
PRINT  "DRAW  OR  hESIGN" 
D  =  D  +  1 

REM  PRINT  STATUS  AND  ASK  ABOUT  GUING  AGAIN 
G=G  +  1 
GOTG23O0 

REM  HUMAN  WON  SUBROUTINE 
PHINT  "YOU  WON-TUHKEY" 
G  =  0+1 
L  =  L  +  1 

HEM  PUNISH  MACHINE  FOR  LOSING 
FOR  I  =  1  TO  R1 

A(R2(1,2),R2(I,1))  =  A(R2(1,2),R2(I,  1 )  )-1 
NEXT  I 

PRINT  "  WON  ";W1;"  LOST  "  ; L ;  "  DRAW  " ; D ;  "  TOTAL  "  ;  G 
PRINT  "NEW  GAME?" 
INPUT  A* 

IF  A*  =  "Y"  THEN  190 
STOP 
END 
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OSI's  new  8K  BASIC  for  the  6502  was  written  by  Micro- 
soft, the  people  who  wrote  ALTAIR®  8K  BASIC  for  the  8080. 
OSI's  6502  8K  BASIC  is  identical  to  this  powerful  and  pop- 
ular 8K  BASIC  with  two  very  important  exceptions:  our  OSI 
6502  8K  BASIC  has  automatic  string  space  handling,  and  it 
runs  faster.  Up  to  8  times  faster  than  the  8080  BASIC.  And 
hundreds  of  times  faster  than  many  6800  BASICs. 

In  fact,  the  OSI  Challenger  with  OSI  6502  8K  BASIC  can 
actually  outperform  most  small-  and  medium-scale  mini- 
computers, as  well  as  every  micro  there  is!  And  that  includes 
the  Z-80. 

Perhaps  even  more  amazing  than  its  superlative  per- 
formance is  its  surprisingly  low  price:  either  $50  or  free. 

OSI  6502  8K  BASIC  is  available  to  OSI  System  kit  build- 
ers for  $50  on  your  choice  of  paper  tape,  audio  cassette  or 
floppy  disk. 

And  OSI  6502  8K  BASIC  comes  free  with  the  purchase 
of  any  12K  or  larger  OSI  Challenger. 

So  you  can  own  a  fully-assembled  OSI  Challenger  com- 
plete with  serial  interface,  12K  of  RAM  memory  and  our  OSI 
6502  8K  BASIC  for  just  $807. 

Incredible! 

For  more  information,  contact  your  local  OSI  dealer. 
Write  OSI  direct  for  our  free  OSI  brochure.  Or  enclose  $1.00 
for  the  full  OSI  catalog. 

Once  again,  OSI  offers  more  and  costs  you  less. 
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When  the  transistor  was  invented  in  1948,  it  was 
hailed  by  the  far-sighted  at  least  throughout  the 
engineering  world  as  one  of  the  greatest  technical 
achievements  of  all  time.  Certainly  this  acclamation 
has  proven  to  be  justified;  but  in  retrospect,  one 
wonders  what  the  impact  would  have  been  if  we 
had  gone  no  further  than  the  point  contact  devices 
which  were  all  we  then  had.  A  few  months  after 
this  stunning  announcement,  however,  Shockley 
published  his  theory  of  junction  transistors.  From 
our  modern  perspective,  the  semiconductor  age 
had  truly  begun. 

To  many  of  us  who  have  been  involved  in  this 
field  of  endeavor  for  more  than  two  decades,  the 
decade  that  brought  us  from  the  first  grown  junc- 
tion transistors  to  the  I.C.  technology  which  pro- 
duces today's  LSI  circuits  seems  to  have  been  a 
long  and  tortuous  path  with  many  blind  alleys 
luring  unwary  individual  researchers  and  compan- 
ies into  ultimately  fruitless  endeavors.  But  actually 
as  we  look  at  the  record,  we  can  take  great  pride  in 
having  been  part  of  a  strategic  technical  advance 
which  occurred  at  unprecedented  speed.  From 
Kitty  Hawk  to  our  modern  jet  aircraft  spanned  forty 
years  of  exciting  development.  From  the  point 
contact  transistor  to  today's  I.C.  technology  barely 
12  years  were  required. 

The  first  grown  junction  transistor  was  built  in 
1951  and  the  first  microprocessor  in  1970.  Less 
than  twenty  years  elapsed  between  man's  first 
crude  efforts  to  build  a  junction  transistor  and  his 
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Typical  wafer  fabrication  showing  die  layout 

Reflections  on 
The  Future  of 


first  device  which  made  a  complete  digital  compu- 
ter truly  a  "component"  of  electronic  systems. 

This  20-year  era  neatly  divides  itself  into  two 
ten-year  periods  which  were  significantly  different 
periods  as  we  shall  soon  relate.  During  the  first 
decade  after  the  invention  of  the  transistor,  a  mul- 
titude of  techniques  were  proposed  for  achieving 
both  transistors  and  integrated  circuits.  While  in 
general  each  proposal  was  superior  to  what  had 
gone  before,  each  in  its  own  way  fell  prey  to  the 
onward  rush  of  ever  newer  technology. 

Then  in  1959,  the  Planar  process  was  born  and 
Bob  Noyce  added  the  significant  achievement  of 
aluminum  metalization  over  the  oxide  and  since 
that  time,  no  really  new  processes  have  arisen. 
Today's  most  advanced  devices  still  use  the  ap- 
proach proposed  by  Noyce  18  years  ago. 

This  is  a  remarkable  timetable  in  comparison 
with  any  other  technical  achievement.  When 
viewed  from  this  perspective,  the  road  does  not 
appear  to  have  been  long  and  tortuous,  but  instead 
short  and  direct. 

To  me,  one  of  the  most  startling  aspects  of  this 
history  was  the  very  early  date  at  which  many 
researchers  were  thinking  about  integrated  circuits. 
As  early  as  1953,  Harwick  Johnson1  of  RCA  con- 
ceived of  a  complete  phase  shift  oscillator  built 
in  a  single  chip  of  N-type  germanium  where  p-n 
junctions  supplied  the  necessary  capacitance,  the 
body  resistance  of  the  piece  of  germanium  sup- 
plied the  resistive  elements  and  an  alloy  transistor 
at  one  end  of  the  filamentary  piece  of  germanium 
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By  Dr.  C.  Lester  Hogan 

supplied  the  necessary  amplification.  Johnson's 
pioneering  achievement  is  illustrated  in  Figure  1  (See 
page  26). 

It  is  obvious  that  we  wouldn't  have  gone  very  far 
toward  today's  devices  if  we  were  constrained  to 
the  use  of  alloy  transistors.  In  fact,  it  was  this 
realization  that  accounted  for  the  fact  that  this 
approach  was  not  exploited  in  the  late  1950's. 
However,  the  diffused  base  transistor  did  not  be- 
come a  reality  until  1955  and  in  1953  there  was 
little  technology  available  for  Johnson  from  which 
to  choose  except  the  grown  junction  and  the  alloy 
junction  transistor.  In  fact,  in  one  version  of  his 
invention,  he  included  both  a  grown  junction  and 
several  alloy  junctions  to  achieve  his  primitive 
integrated  circuit. 

The  significant  point  is  that  only  two  years  after 
the  first  junction  transistor  was  reported,  research 
people  were  already  trying  to  combine  resistors, 
capacitors,  and  transistors  onto  one  piece  of  semi- 
conductor material  in  order  to  reduce  size,  to  re- 
duce number  of  interconnects  and  to  improve 
reliability.  The  work  of  Johnson  was  well  known  to 
workers  in  the  field  at  that  time,  and  I  believe  his- 
torians of  our  art  have  not  given  enough  credit  to 
him  for  his  foresight  and  pioneering  achievements 
at  such  an  early  date. 

Apparently  not  so  well  known  was  that  fact  that 


Sydney  Darlington2  proposed  as  early  as  May  1952 
a  technique  for  constructing  a  complete  Darlington 
amplifier  in  one  piece  of  semiconducting  material 
using  grown  junction  transistors.  A  somewhat  simi- 
lar device  was  patented  by  B.M.  Oliver3  also  in  1953. 
Barney  Oliver's  reduction  to  practice  is  illustrated 
in  Figure  2  (See  page  26). 

Other  than  these  pioneering  approaches,  the 
nearest  anyone  seems  to  have  come  to  conceiving 
today's  integrated  circuits  was  G.W.A.  Dummer" 
at  the  Royal  Radar  Establishment  who  described 
his  work  at  an  International  Symposium  on  Elec- 
tronic Components  at  Malvern,  England,  in  mid- 
1957.  At  this  meeting  Dummer  described  "a  tran- 
sistor flip-flop  with  two  emitter  follower  outputs  — 
a  total  of  four  transistors  all  contained  in  a  chip  of 
silicon  125  mils  by  375  mils.  The  semiconductor 
was  doped  to  form  a  p-n-p  structure  and  had  various 
sections  removed  to  leave  thin  bridges  of  material 
with  relatively  high  resistances.  These  high-resis- 
tance paths  formed  the  collector  and  emitter  loads 
of  the  transistors  connected  to  common  power 
supply  rails.  Other  resistors  were  provided  by  films 
of  resistive  material  deposited  on  the  surface  of  the 
silicon,  while  capacitors  were  constructed  from 
thin  metallic  layers  with  insulators  between." 


'U.S.  Patent  No.  2,816,228,  issued  Dec.  10,  1957;  application 
May  21, 1953. 
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Figure  1. 

Harwick  Johnson's  pioneering  work  in  integrated 
circuits  is  illustrated  above.  This  figure  is  taken  from  a 
patent  application  of  May  1953  and  to  the  best  knowledge 
of  the  author  this  represents  the  first  effort  to  integrate 
resistors,  capacitors,  and  transistors  into  one  piece  of 
semiconducting  material. 
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Figure  2. 

Along  with  the  work  of  Sydney  Darlington,  this  inte- 
grated circuit  suggested  by  Barney  Oliver  in  1952,  repre- 
sents the  very  earliest  attempt  known  to  the  author  to 
integrate  several  transistors  on  one  chip  of  germanium 
or  silicon.  This  reduction  to  practice  included  no  passive 
components,  and  hence,  was  not  as  advanced  as  the 
work  of  Harwick  Johnson  illustrated  in  Figure  1.  How- 
ever, it  predates  Johnson's  work  by  one  year. 


Figure  3. 

Drawings  taken  from  the  patent  of  Jack  Kilby  which 
was  filed  on  February  6, 1959.  The  similarity  of  approach 
to  the  work  of  Harwick  Johnson  is  obvious  if  one  com- 
pares this  figure  to  figure  1,  which  illustrates  the  work 
of  Johnson  six  years  before.  Of  course,  the  above  reduc- 
tion to  practice  includes  two  diffused  junctions  and  one 
alloyed  junction,  while  the  work  of  Johnson  used 
alloyed  (and  in  one  case  grown)  junctions. 


In  most  of  the  work  done  or  reported  in  1957  or 
1958,  the  researchers  generally  worked  with  ger- 
manium mesa  transistors  since  they  were  in  pro- 
duction and  represented  the  state  of  the  art  during 
that  time  frame.  In  February  19585  the  Diamond 
Ordnance  Fuze  Laboratory  described  an  attempt 
to  evaporate  aluminum  interconnects  on  top  of 
mesa  transistors  leaving  a  layer  of  photoresist  on 
top  of  the  germanium  mesa  transistor  in  order  to 
supply  the  insulating  layer  between  the  german- 
ium and  aluminum. 

Even  though  this  contribution  by  DOFL  was  sig- 
nificant in  the  mid-1950's  and  superficially  it  ap- 
pears that  they  came  close  to  the  structure  which 
actually  made  the  integrated  circuits  a  reality,  they 
basically  were  taking  the  wrong  approach.  A  closer 
look  at  their  philosophies  and  techniques  demon- 
strates clearly6  that  their  approach  was  one  of  the 
earliest  demonstrations  of  what  we  refer  to  today 
as  a  hybrid  circuit.  They  began  with  a  steatite 
ceramic  base  V2"  X.W  which  was  20  mils  thick. 
Conductive  wiring  was  screened  on  and  fired.  Then 
resistors  were  screened  on  and  fired.  The  german- 
ium transistors  were  glued  into  holes  in  the  cera- 
mic by  use  of  epoxy  or  wax,  a  layer  of  photo- 
resist was  placed  over  the  mesa  transistor  and  the 
interconnect  to  the  ceramic  was  then  achieved  by 
evaporated  aluminum. 

In  any  event,  by  January  1958,  almost  all  semi- 
conductor research  laboratories  were  trying  to  find 
a  way  to  reduce  to  practice  the  exciting  potential 
of  integrated  circuits.  The  idea  of  connecting  re- 
sistors, capacitors,  diodes,  and  transistors  together 
on  a  single  chip  of  germanium  or  silicon  was  not 
a  new  idea  by  that  time.  The  only  problem  was  to 
find  a  technique  that  would  really  work. 

All  of  the  above  schemes  (except  the  clever 
approach  of  DOFL)  used  wire  interconnects  — 
soldered,  welded,  or  thermocompression  bonded  — 
on  the  chips  to  connect  together  certain  of  the 
elements.  For  example,  in  August  1959,  Jack  Kilby7 
described  a  multivibrator  built  in  a  chip  of  german- 
ium. It  contained  two  germanium  mesa  transistors, 
two  distributed  RC  networks  nearly  identical  to  the 
networks  described  in  the  patent  of  H.  Johnson, 
except  the  junction  was  diffused  instead  of  being 
alloyed.  In  addition,  there  were  six  resistors  formed 
by  the  body  resistance  of  the  germanium  chip 
itself.  The  chip  was  240  mils  by  250  mils  and 
required  six  gold  wires  to  interconnect  the  various 
components  on  the  chip.  In  the  patent8  issued  to 
Kilby  in  June  1964,  he  describes  both  this  multi- 
vibrator and  a  phase  shift  oscillator.  The  oscillator 
is  illustrated  in  Figure  3.  The  oscillator  is  again 


"'Solid  Circuits"  Wireless  World,  Nov.  1957,  page  516  (quotation 
Marks  above  constitute  exact  wording  of  this  article.) 

5"Army  Develops  Printed  Transistors",  Control  Engineering, 
February  1958,  page  31. 

"The  DOFL  Microelectronics  Program,  Proceedings  of  the  IRE, 
May  1959,  pp882-894. 

'Semiconductor  Solid  Circuits,  Electronics,  Aug.  7,  1959,  page 
110. 

•U.S.  Patent  No.  3,183,743  issued  June  23,  1964;  (application 
February  6, 1959.) 
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nearly  identical  to  the  device  described  by  Johnson 
in  his  application  of  1953  except  that  two  of  the 
junctions  are  diffused  mesa  junctions  instead  of 
being  alloyed  junctions.  The  emitter  junction  is,  of 
course,  alloyed  because  that  was  the  state  of  the 
art  at  that  time.  These  illustrations  along  with  the 
description  of  work  above  being  done  at  the  Royal 
Research  Establishment  in  1957  and  the  work  at 
DOFL  in  1958  demonstrates  clearly  that  many  lab- 
oratories across  the  world  were  attempting  to  find 
techniques  to  build  integrated  circuits. 


This  achievement  led  many  people  active 
in  solid-state  device  research  to  believe 
that  other  molecular  devices  broadly  analo- 
gous to  the  maser  would  be  invented  and 
that  the  future  lay  in  this  direction  rather 
than  in  the  direction  of  attempting  to 
build  individual  components  all  intercon- 
nected in  a  single  block  of  silicon  or 
germanium. 

These  examples  do  not  constitute  a  complete 
review  of  all  the  efforts  during  the  late  1950's  by 
various  laboratories  to  achieve  a  workable  inte- 
grated circuit.  The  author  is  familiar  with  other 
aborted  attempts  to  wire  bond  many  transistors 
on  a  single  substrate  and  even  other  work  which 
used  epoxy  resins,  silicone  compounds,  and  even 
evaporated  silicon  monoxide  to  form  the  insulating 
and  passivating  layer  that  would  then  permit  evap- 
orated metal  interconnects.  Almost  all  of  this  work 
was  done  on  germanium  mesa  transistors,  of 
course.  None  of  these  approaches  worked  and 
none  is  being  used  in  today's  integrated  circuits. 

In  this  avid  search  for  monolithic  blocks  of  mat- 
erial that  performed  complete  circuit  functions, 
yet  another  approach  became  quite  popular.  At 
this  same  time  the  first  masers  and  lasers  were 
being  demonstrated  and  they  were  operating  both 
as  oscillators  (stimulated  emission  of  radiation) 
and  as  amplifiers. 

These  oscillators  and  amplifiers  made  use  of 
the  atomic  and  molecular  characteristics  of  the 
body  of  the  material  and  there  were  no  discernible 
components  i.e.,  resistors,  capacitors,  inductors, 
transistors  or  diodes  within  the  so-called  circuits. 
This  achievement  led  many  people  active  in  solid- 
state  device  research  to  believe  that  other  molecu- 
lar devices  broadly  analogous  to  the  maser  would 
be  invented  and  that  the  future  lay  in  this  direction 
rather  than  in  the  direction  of  attempting  to  build 
individual  components  all  interconnected  in  a 
single  block  of  silicon  or  germanium.  A  word  was 
even  coined  for  this  approach.  It  was  referred  to  as 
molecular  electronics,  to  distinguish  it  from  the 
active  field  of  microelectronics,  or  integrated  cir- 
cuits as  it  came  to  be  called. 

Microwave  amplifiers  and  oscillators  other  than 
the  maser  had  already  moved  somewhat  in  this 
direction.  While  it  was  certainly  possible  to  draw 
an  equivalent  circuit  of  a  travelling  wave  tube  if 
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one  cared  to  do  so,  actually  such  an  amplifier 
(or  oscillator)  depended  upon  the  interaction  of  an 
electron  beam  with  ah  electromagnetic  wave 
whose  propagation  characteristics  were  deter- 
mined by  properties  of  a  geometric  structure.  In 
one  sense,  these  microwave  circuits  were  the  fore- 
runner of  what  many  researchers  believed  would 
come  to  pass  for  many  circuits. 

In  April  of  19579,  Ed  Herold  of  RCA  was  quoted 
as  saying,  "The  chemical  synthesis  of  an  improved 
compound,  the  technology  of  its  use,  and/or  the 
discovery  of  a  new  useful  effect  in  these  materials 
can  now  do  more  to  revolutionize  the  performance 
of  an  electric  circuit  than  can  all  the  classic  ingen- 
uity of  the  circuit  designer.  The  trend  toward 
merging  of  circuit  and  device,  which  started  with 
microwave  tubes,  is  now  found  in  more  and  more 
applications  at  all  frequencies."  In  1957,  the  author 
agreed  whole  heartedly  with  this  point  of  view. 


extended  it  to  the  integrated  circuit  structure  and 
process  that  are  basic  to  LSI  circuits.  Bob  Noyce's 
reduction  to  practice  is  illustrated  in  Figure  4. 
Just  one  glance  at  that  figure  tells  more  than  a 
thousand  words.  All  the  basic  elements  of  todays 
LSI  circuits  are  contained  in  this  one  invention. 


"pioneering  stages' 
production". 


'not  capable  of 


In  light  of  today's  technology,  it  was  probably 
a  little  optimistic,  but  for  the  younger  readers 
who  did  not  live  through  this  era,  this  point  of  view 
reached  its  height  in  the  flush  of  the  great  achieve- 
ments of  the  maser  and  laser.  These  strides  had 
followed  with  relative  speed  after  the  achievement 
of  building  a  new  circuit  element,  the  microwave 
gyrator10  (and  circulator)  using  the  bulk  proper- 
ties of  the  new  ferrite  materials.  In  addition,  com- 
puter memory  had  been  mastered  by  these  new 
ferrite  materials  and  many  research  workers  were 
hard  at  work  building  complete  computers  (logic 
and  memory)  out  of  nothing  but  ferrite  cores  and 
copper  wire. 

A  good  feel  for  the  atmosphere  of  these  times 
is  illustrated  by  reading  articles  that  appeared  in 
Business  Week  in  1959." 

Thus  we  see  that  the  search  for  the  integrated 
circuit  was  a  multifaceted  approach.  Everyone  be- 
lieved in  its  future  but  everyone  was  familiar  with 
the  attempts  to  build  integrated  circuits  by  H.  John- 
son at  R.C.A.,  G.W.A.  Dummer  at  the  Royal  Radar 
Establishment  and  others  and  it  appeared  to  most 
serious  workers  at  that  time  that  all  these  attempts 
were  in  words  of  G.W.A.  Dummer  12  "pioneering 
stages"  . . .  "not  capable  of  production". 

It  was  in  this  atmosphere  that  John  Hoerni13 
developed  the  planar  process  and  Bob  Noyce  14 


"Solid  State  Research  Brews  Upheaval,  Aviation  Week,  April  8, 
1957,  page  86. 

,0C.  L.  Hogan,  Bell  System  Tech.  J.  131  (1952). 

"Business  Week,  April  4,  1959,  p.  130;  July  25,  1959,  p.  34. 

,2IC  Inventors,  Letter  to  the  Editor,  IEEE  Spectrum  by  G.W.A. 
Dummer  Dec.  1976  page  22. 

UU.S.  Patent  No.  3,025,589  issued  March  20, 1962  (John  Hoerni) 
filed  May  1,1959. 

"U.S.  Patent  No.  2,981,877  (R.N.  Noyce)  issued  April  25,  1961 
filed  July  30,  1959. 


Figure  4. 

The  approach  to  integrated  circuits  proposed  by  Bob 
Noyce  in  a  patent  filed  July  30,  1959.  The  "quantum 
jump"  proposed  by  Bob  Noyce  over  all  other  previous 
approaches  is  obvious  by  comparing  this  figure  with 
figures  1,  2  and  3  which  illustrate  some  of  the  ap- 
proaches suggested  by  others  in  the  period  between 
1952  and  1959.  More  than  this,  however,  is  the  point 
that  this  is  the  technique  that  finally  worked  and  is  the 
technique  in  use  today  to  make  all  integrated  circuits 
possible. 

The  author  remembers  well  the  day  he  learned 
about  Hoerni's  and  Noyce's  inventions.  In  August 
of  1959  after  the  Wescon  Show,  C.  Harry  Knowles 
who  was  then  working  for  the  author  at  Motorola 
(Phoenix,  Arizona)  visited  Fairchild  Semiconductor 
because  they  were  recruiting  him.  In  order  to  attract 
him  to  their  operation  they  showed  him  the  proper- 
ties of  the  early  planar  devices  including  devices 
with  metal  over  the  oxide  and  discussed  their  con- 
cept of  the  integrated  circuit  which  was  basically 
the  concept  disclosed  in  the  Noyce  patent  #2,981,877. 
Upon  returning  to  Phoenix  in  early  September  1959, 
Dr.  Knowles  discussed  all  these  processes  with 
us  and  as  a  result  we  immediately  organized  a  team 
to  exploit  the  planar  process  and  the  Noyce  con- 
cept of  the  integrated  circuit. 

There  was  immediate  recognition  that  this  pro- 
cess solved  all  of  the  difficulties  encountered  with 
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every  other  approach  to  integrated  circuits  at  that 
time.  This  was  indeed  the  quantum  leap  we  had 
been  trying  to  find  and  the  author's  judgment  today 
remains  exactly  as  he  formed  it  in  September  1959. 
This  was  beautifully  expressed  by  G.W.A.  Dummer, 
in  a  very  recent  note15 ...  "I  would  have  no  hesita- 
tion in  saying  that  .  .  .  the  real  inventors  of  inte- 
grated circuits  are  Noyce  and  his  dedicated  team 
at  Fairchild." 

The  planar  process  introduced  in  1959  had  be- 
come the  pillar  of  the  entire  industry  since  that 
time.  It  is  this  process  which  made  possible  first, 
the  era  of  integrated  circuits,  and  then,  the  era  of 
LSI  which  is  so  dramatically  illustrated  by  the 
microprocessor. 

The  course  of  development  from  the  first  junc- 
tion transistor  to  the  first  planar  transistor  is  more 
complex  and  yet  more  twisted  than  the  story  rela- 
ted above.  In  the  first  place  enormous  effort  was 
extended  which  resulted  necessary  and  important 
breakthroughs  made  in  the  chemistry  and  metallur- 
gy of  semiconducting  materials.  First  these  mater- 
ials (in  particular  germanium  and  silicon)  had  to 
be  prepared  with  a  purity  level  never  before 
achieved  by  man.  Then  these  materials  which  melt 
at  relatively  high  temperatures  (900°C-1400°C),  had 
to  be  grown  as  large  single  crystals.  Finally  tech- 
niques of  controlled  doping  of  these  extremely 
pure,  extremely  perfect  single  crystals  had  to  be 
developed  in  order  to  build  the  required  N  and  P 
type  regions  with  the  required  geometry. 


These  were  not  simple  problems.  Their  solution 
required  tremendous  investment  of  time  and 
money.  But  more  than  this,  the  solution  to  these 
early  problems  required  tremendous  inspiration 
and  genius  on  the  part  of  the  hundreds  of  indivi- 
dual research  workers  who  made  the  necessary 
breakthroughs. 

It  is  probable  that  no  laboratory  in  the  world 
other  than  the  Bell  Telephone  Laboratories  had 
both  the  resources  of  qualified  men  and  the  alloca- 
table  funds  required  to  make  the  initial  technologi- 
cal breakthroughs.  They  did  extend  the  necessary 
effort  and  one  by  one  the  major  technological 
hurdles  were  left  behind.  Then,  in  one  of  the  most 
public  spirited  actions  in  the  history  of  our  private 
enterprise  system,  they  shared  this  technology 
with  the  rest  of  the  world  through  papers  presented 
at  technical  meetings,  through  extensive  publica- 
tion of  the  results  of  this  massive  research  and 
development  program,  through  technical  seminars 
held  at  the  Bell  Telephone  Laboratories  and  through 
a  rather  generous  patent  licensing  procedure.  There 
can  be  no  doubt  that  the  semiconductor  industry 
would  not  be  where  it  is  today  without  these  great 
contributions  from  this  enormously  valuable  na- 
tional resource,  The  Bell  Telephone  Laboratories. 

By  the  time  the  planar  transistor  was  developed, 
however,  the  technologies  developed  at  Bell  Labs 
were  widely  disseminated  throughout  the  world. 
These  technologies  included  zone  refining,  crystal 
growing,  diffusion  techniques,  thermocompression 
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and  electronic  parts.  Needs  1  amp  at  12  volts 

SK-2  SK-1   with   built-in   power  supply  and  TTL  168.00 

compatibility 

SK-3  SK-2  with  controller  kit  giving  RS232  serial  389.00 

ASCII  data  at  110  or  300  BPS.  A  high  speed 
paper  tape  interface  is  included 

DK-1  Floppy  disk  and  controller  kit,  with  350  KB  795.00 

drive.  For  use  with  SK-3,  or  any  serial 
interface,  up  to  19200  BPS.  Contains  high 
level  DOS,  with  simple  commands  making 
any  terminal  a  smart  one  or  any  serial  CPU  a 
.  QPU  disk  system 

Manuals  from  above  kits  are  offered  for  the  purpose  of  evaluating  the 
kits.  Refunds  for  manuals  apply  on  subsequent  kit  order. 
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SK-D1    Selectric  Conversion  Manual  6.50 

SK-D2   Selectric  Programming  Manual,  with  6.50 

listings  and  timing  data 

DK-D1    Floppy  Disk  Kit  &  DOS  Manual  6.50 

All  orders  acknowledged  within  24  hours  with  firm  shipping  date.  A50% 
deposit   is   required   on   COD.   Send  check  or  MO  to: 

*±\  Miarp&  Associates 
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bonding,  evaporated  aluminum  contacts,  oxide 
masking  in  silicon  structures,  but— peculiarly— 
not  the  retention  of  the  oxide  on  the  device  as  in 
the  planar  process. 

For  the  next  several  years  many  different  ap- 
proaches for  building  transistors  and  integrated 
circuits  were  explored.  The  first  junction  field  effect 
transistor  was  demonstrated  in  1952,  the  surface 
barrier  transistor  in  1953,  the  micro-alloy  transistor 
in  1954,  the  diffused  base  germanium  and  silicon 
transistors  in  1955,  the  micro-alloy  diffused  tran- 
sistor in  1956,  the  grown  diffused  transistor  in  1956, 
the  PNPN  transistor  in  1956,  and  the  planar  transis- 
tor in  1959. 

These  various  approaches  were  exploited  or  ig- 
nored by  various  companies  according  to  their 
technical  histories,  momenta,  and  managerial  out- 
looks. Two  that  have  passed  from  the  scene  but 
were  important  in  establishing  a  large  share  of 
market  for  different  companies  were  the  micro- 
alloy  diffused  transistor  and  the  germanium  mesa. 

The  micro-alloy  diffused  germanium  transistor 
was  exploited  by  Philco  Corporation  in  the  mid 
1950's  and  its  superiority  in  performance  over 
other  transistors  of  that  time  made  Philco  by  1958 
one  of  the  top  three  semiconductor  manufacturers. 
This  structure  was  first  made  obsolete  by  the  ger- 
manium mesa  (diffused  base)  transistor  which  be- 
came available  in  production  quantities  in  1958 
and  then  by  the  silicon  planar  transistor  which  be- 
came available  in  production  quantities  in  1960. 
The  germanium  mesa  was  most  successfully  ex- 
ploited by  Motorola  and  Texas  Instruments  and  this 
successful  exploitation  helped  establish  Motorola 
as  an  important  supplier  of  semiconductor  devices 
and  was  by  1963  or  1964  a  contributing  factor 
toward  establishing  that  company  as  the  second 
largest  semiconductor  manufacturer  in  the  United 
States. 


Obviously  in  1953  any  projection  of  the 
next  twenty  years  of  integrated  circuit 
technology  based  on  Harwick  Johnson's 
alloyed  junctions  would  have  fallen  far 
short  of  what  was  actually  achieved  be- 
cause this  was  not  the  process  that  was 
used  to  realize  today's  circuits. 


Even  this  summary  is  not  complete  and  it  cannot 
be  made  so  without  making  this  article  too  long. 
Perhaps,  however,  we  should  mention  the  so-called 
push-out  base  or  post  alloy  diffused  transistor 
which  was  brilliantly  exploited  by  Philips  in  Holland 
in  the  late  1950's  and  early  1960's.  This  was  simi- 
lar to  the  micro-alloy  diffused  transistor  but  the 
technique  of  manufacture  was  completely  differ- 
ent from  the  approach  used  by  Philco;  and  perhaps 
because  of  this,  it  had  a  much  longer  useful  life 
in  our  industry.  (In  reality  it  was  a  hybrid  between 
the  micro-alloy  and  mesa  device.) 

After  this  decade  of  new  techniques  tumbling 
out  of  the  laboratory  each  year  the  planar  process 


appeared  on  the  scene  and  it  still  reigns  as  the 
only  viable  process  for  mass  production  of  general 
purpose  components  and  circuits. 

Certainly  one  advancement  was  the  invention  of 
the  MOS  transistor  in  1960.  This  transistor  was  not 
conceivable  using  the  other  processes  but  once 
the  planar  process  with  metal  over  oxide  became 
available  then  the  MOS  transistor  was  an  obvious, 
but  important,  development. 

Before  the  advent  of  the  planar  process,  projec- 
tions of  future  directions  were  in  one  sense  mean- 
ingless because  the  process  used  to  build  devices 
changed  on  a  yearly  basis. 

The  first  junction  transistor  was  as  we  related 
above,  a  grown  junction  transistor  and  until  the 
alloy  transistor  was  developed  in  1952,  this  was 
the  only  way  one  could  make  junctions.  As  a  result 
the  first  chips  that  combined  several  transistors 
on  the  same  chip  (ala  Darlington  &  Oliver)  used 
grown  junctions.  Obviously  in  1953  any  projection 
of  the  next  twenty  years  of  integrated  circuit  tech- 
nology based  on  Harwick  Johnson's  alloyed  junc- 
tions would  have  fallen  far  short  of  what  was 
actually  achieved  because  this  was  not  the  process 
that  was  used  to  realize  today's  circuits. 


As  Moore's  law  it  has  been  an  extremely 
accurate  projection  of  the  industry's  capa- 
bility for  the  past  ten  years.  This  law 
predicted  that  ten  years  later  i.e.,  in  1975 
integrated  circuit  chips  would  be  available 
with  a  thousand  times  as  many  (actually 
1024)  elements  on  them  as  existed  in  1965. 


The  relative  stability  of  the  basic  process  for 
the  past  17  years  has  allowed  the  industry  to  make 
meaningful  projections  of  the  future  during  the 
past  15  years.  One  of  the  earliest  projections  with 
which  the  author  is  familiar  was  one  made  by  Harry 
Knowles  at  the  "Modular  Magic  Panel"  at  the  IEEE 
Show  on  March  25,  1964.  At  that  panel  Harry 
Knowles  predicted  that  perhaps  in  a  decade  the 
industry  would  put  one  million  component  ele- 
ments per  square  inch  on  a  silicon  "chip"  with  all 
required  interconnects.  This  was  not  a  bad  esti- 
mate when  one  realizes  at  that  time  the  industry 
had  achieved  a  density  of  approximately  6000  com- 
ponents per  square  inch.  The  most  complex  chips 
available  at  the  market  place  in  1976  had  a  density 
of  approximately  one  million  components  per 
square  inch. 

The  largest  chips  available  with  reasonable  yield 
are  approximately  200  mils  on  a  side  but  one 
attempts  to  make  chips  smaller  than  this  because 
today  the  yield  and  cost  are  directly  related  to  chip 
size.  During  1976  the  state  of  the  art  in  chips 
that  were  available  for  sale  was  well  demonstrated 
in  the  16,000  bit  N-channel  MOS  RAM  chip  which 
contained  approximately  40,000  components  inter- 
connected on  a  chip  whose  area  was  approximately 
35,000  square  mils.  This  chip  has  a  density  of  devi- 
ces slightly  higher  than  the  million  components 
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persqaure  inch  predicted  in  1964  by  Harry  Knowles. 
However,  density  of  components  on  a  chip  is 
not  the  only  factor  that  permits  complexity  in  an 
LSI  chip.  The  other  factor  is  size  of  chip  which  the 
industry  can  make  at  reasonable  yields.  Over  the 
years,  both  density  and  chip  size  have  increased. 
Any  proper  projection  of  the  levels  of  integration 
that  can  be  achieved  on  a  single  chip  must  take 
both  factors  into  account.  Actually,  Harry  Knowles 
did  this  in  his  1964  projection.  At  that  time  he  pre- 
dicted that  one  decade  later  we  would  actually 
have  single  chips  one  inch  square  and  hence  single 
LSI  chips  would  contain  one  million  elements  all 
interconnected.  He  recognized  that  it  would  be 
nearly  impossible  to  achieve  such  chip  sizes  and 
densities  using  the  photolithographic  techniques 
common  to  the  industry.  So,  in  what  seems  to  the 
author  as  brilliant  foresight,  he  predicted  that  in 
1974  we  would  be  making  these  chips  using  elec- 
tron beam  lithography.  Actually  these  forecasts 
were  a  little  optimistic,  but  perhaps  not  in  nature 
but  only  in  the  particulartiming. 


direction  in  which  he  did  modify  it  in  1975.  The 
author  believes  Dr.  Moore  has  been  very  astute 
for  maintaining  the  old  slope  for  at  least  five  more 
years. 


Obviously, 
year  for  ever. 


nothing  can  double  every 


The  most  precise  early  projections  of  potential 
integrated  circuit  complexity  known  to  the  author 
were  those  made  by  Gordon  Moore  in  a  short  article 
in  Electronics  Magazine  in  1965.  Dr.  Moore  included 
both  increased  density  and  increased  chip  size 
and  predicted  that  the  complexity  available  in 
monolithic  integrated  circuit  chips  would  double 
every  year  for  the  next  ten  year.  This  has  since 
come  to  be  known  in  the  industry  as  Moore's  law 
and  it  has  been  an  extremely  accurate  projection 
of  the  industry's  capability  for  the  past  ten  years. 
This  law  predicted  that  ten  years  later  i.e.,  in  1975 
integrated  circuit  chips  would  be  available  with  a 
thousand  times  as  many  (actually  1024)  elements 
on  them  as  existed  in  1965.  One  can  appreciate 
the  extent  of  Dr.  Moore's  projection  when  he  real- 
izes that  in  1965  the  best  integrated  circuits  had 
between  20  and  40  elements  interconnected  on 
the  one  chip.  And  indeed,  in  1975  chips  were 
available  with  approximately  one  thousand  times 
this  complexity. 

In  December  1975  at  the  International  Electron 
Device  Meeting  in  Washington,  D.C.  Dr.  Moore16 
extended  his  law  for  the  next  ten  years  by  saying 
that  beginning  in  1980  the  complexity  of  monolithic 
integrated  circuit  chips  would  increase  at  half  the 
rate  (i.e.  double  every  two  years)  which  it  did  during 
the  previous  15  years.  Obviously,  nothing  can 
double  every  year  for  ever.  If  it  did,  then  the  number 
of  elements  on  a  single  integrated  circuit  chip 
would  eventually,  about  254  years,  exceed  the 
number  of  electrons  in  the  known  universe.  Such 
a  projection  is  obviously  impossible.  So  Gordon 
Moore's  law  eventually  has  to  be  modified  in  the 


"Progress  in  Digital  Electronics,  Gordon  E.  Moore  paper  1.3 
Proceedings  of  the  Int'l  Electron  Device  Meeting,  12/75. 


The  first  of  these  is  the  advent  of  CCD 
technology.  Already  today  CCD  imaging 
chips  are  available  with  160,000  picture 
elements  on  a  single  chip. 


There  are  several  factors  which  the  author  be- 
lieves will  keep  the  industry  on  the  old  slope  for 
approximately  five  more  years  before  we  must 
drop  to  the  reduced  slope. 

The  first  of  these  is  the  advent  of  CCD  techno- 
logy. Already  today  CCD  imaging  chips  are  avail- 
able with  160,000  picture  elements  on  a  single  chip. 
These  chips  will  soon  be  available  as  memory 
chips  with  the  same  number  of  elements.  But 
even  more  exciting  than  this,  the  author  believes 
is  the  present  availability  of  electron  beam  mask 
making  equipment  which  Harry  Knowles  predicted 
would  be  available  some  thirteen  years  ago.  Today, 
optical  limitations  make  it  very  difficult  to  make 
high  resolution  masks  in  which  individual  chips 
are  larger  than  1/2"  on  a  side.  The  present  electron 
beam  machines  can  easily  make  masks  for  chips 
as  large  as  one  inch  on  a  side  and  there  seems  to 
be  no  reason  why  this  cannot  be  substantially 
increased  in  a  few  years.  In  addition  the  present 
electron  beam  machines  can  make  masks  with  Vz 
micron  geometry  so  certainly  some  increase  in 
density  will  come  as  a  result  of  the  use  of  the 
machine.  However,  the  greatest  improvement  at 
present  appears  to  be  in  the  chip  sizes  which  the 
machine  will  facilitate  in  the  next  few  years. 

While  many  laboratories  have  worked  on  electron 
beam  lithography  the  first  and  best  machine  ap- 
pears to  be  the  one  that  was  operating  at  Bell  Tele- 
phone laboratories  more  than  three  years  ago.  Here 
again  in  another  public  spirited  move,  the  Bell  Labs 
made  this  machine  available  to  American  industry 
by  selling  the  complete  technology  package.  As  a 
result,  the  machine  is  now  available  and  the  first 
devices  made  possible  by  the  use  of  this  machine 
outside  the  Bell  System  will  be  at  the  market 
place  some  time  in  1977.  It  does  not  seem  unrea- 
sonable to  the  present  author  to  project  that  in  1980 
devices  approaching  a  complexity  of  two  million 
interconnected  components  will  be  available  as  a 
result  of  this  new  technique  in  mask  making.  This 
would  indeed  keep  the  industry  on  the  slope  of 
Moore's  law  until  that  time. 

The  progress  of  the  past  decade  is  well  illustra- 
ted in  figures  5,  6  and  7.  Figure  5  shows  a  complete 
wafer  from  the  time  period  of  1966-1967.  The  wafer 
itself  is  1 W  in  diameter.  The  individual  die  has  an 
area  of  approximately  9000  square  mils,  which 
by  the  way  fits  exactly  on  Moore's  law  for  1967. 
The  increase  in  wafer  size,  die  size  and  component 
density  are  obvious  by  comparing  this  with  figure 
6  which  shows  a  digital  watch  circuit  being  manu- 
factured by  the  Exetron  Division  of  Fairchild  in  1976. 
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Figure  5. 

This  illustration  shows  a  typical  integrated  circuit 
wafer  from  the  production  lines  at  Fairchild  in  the  time 
frame  of  late  1966  to  early  1967.  The  wafer  is  11/2"  in 
diameter.  The  individual  dice  one  of  the  wafer  have  an 
area  slightly  in  excess  of  9000  square  mils.  The  geom- 
etry of  the  structure  is  composed  of  lines  (and  spacings) 
which  are  approximately  1/2  mil(«  12  fi ). 


Figure  6. 

Illustration  of  a  digital  watch  circuit  being  manu- 
factured by  the  Exetron  Division  of  Fairchild  in  1976. 
The  wafer  is  4"  in  diameter,  the  individual  dice  are 
24,300  square  mils,  and  the  line  widths  approximately  5  n . 


Figure  7.  Illustration  of  a  CCD  imaging  chip  being  manufactured  by  Fairchild  in  1976.  The  individual  die  is  close  to  the 
state  of  the  art  at  that  time.  The  wafer  above  is  3"  in  diameter,  the  individual  dice  have  an  area  in  excess  of  200,000 
square  mils.  The  device  is  made  with  a  minimum  geometry  of  4jU  and  contains  180,000  picture  elements  plus  180,000 
shifting  electrodes  plus  some  simple  overhead  circuitry.  This  equates  to  nearly  370,000  individual  components  on  the  die. 
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The  wafer  has  a  4"  diameter,  the  die  has  an  area 
of  approximately  25,000  square  mils  and  it  uses  a 
minimum  geometry  of  approximately  5  to  achieve 
the  density  illustrated.  This  die  falls  slightly  below 
the  complexity  indicated  by  Moore's  law  for  1976 
but  the  CCD  die  shown  in  figure  7  falls  slightly 
above  the  prediction  of  Moore's  law  for  1976  com- 
plexity. 

One  gets  a  greater  appreciation  for  the  progress 
of  electronic  technology  over  the  past  30  years  if 


one  compares  one  of  today's  microcomputers  with 
the  world's  first  all  electronic  digital  computer 
the  Eniac.  A  full  realization  of  what  has  happened 
is  evident  by  comparing  figure  8  which  is  only  a 
part  of  the  back  panel  wiring  of  the  Eniac  with  fig- 
ure 9  which  is  a  complete  F-8  microcomputer  in- 
cluding a  total  of  1500  bits  of  RAM.  (The  F-8  has 
512  bits  of  RAM  on  chip  and  the  figure  illustrates 
a  configuration  with  1K  bits  outboarded.)  The  block 
diagram  indicating  what  is  on  the  printed  circuit 
board  of  figure  9  is  shown  in  figure  10. 


Figure  8. 


Part  of  the  back  panel  wiring  for  ENIAC. 


Figure  9.  F-8  microcomputer  board  containing  CPU,  PSU  (program  storage  unit)  Static  memory  interface,  a  1K  RAM 
package,  and  T2L  logic  to  interface  with  a  teletypewriter.  This  is  a  complete  microcomputer  except  for  power  supply  and 
occupies  one  printed  circuit  board  5"  x  8". 
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Figure  10.  Block  diagram  of  microcomputer  shown  in  Figure  9.  The  board  in  Figure  9  has  eight  2102's  giving  the  micro- 
computer 8704  bits  of  RAM. 


The  comparison  between  these  two  electronic  digital  computers  is  detailed  in  Table  1. 


TABLE  I 


ITEM      PARAMETER  ENIAC 


F8*        COMMENTS 


Size  3,000  cu.  ft. 


.011 
cu.ft. 


300,000 

times 

smaller 


2  Power  140kW 

consumption 


2.5W 


56,000 

times  less 

power 


ROM 


16K  bits 

(relays  and 
switches) 


16K 
bits 


Equal 
amount 


RAM 


1  Kbits  (flip- 
flop  accu- 
mulators 


2.5K 

bits 


2.5  times 

more  RAM 

inF8 


Clock  rate       100  kHz 


20  times 
2  MHz  faster  clock 
rate  with  F8 


Transistors        18,000 


or  tubes 


tubes 


20,000 
tran- 
sistors 


F8  uses  ac- 
Resistors         70,000       None  tive  devices 

as  resistors 


8      Capacitors        10,000 


5,000 
times  less 


Relays  and 
switches 


7,500        None 


10       Add  Time 


150 
200  fi  sec  fi  sec    About  the 
(12  digits)       (8  same 

digits) 


11       Meantime         Hours 
to  failure 


More  than 
Years  10,000  times 
as  reliable 


12        Weight 


30  tons 


1  lb. 


*For  comparison  in  this  table  the  F-8  microcomputer  is  assumed  to  consist  of  one 
3850-CPU,  one  3856-PSU  (2K  bytes  of  ROM),  one  2K  RAM  package,  and  the  static 
memory  interface  chip  3853,  plus  the  TTY  interface  circuitry  illustrated. 
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As  impressive  as  this  comparison  is,  one  gets 
a  view  of  the  future  by  using  Moore's  law  and 
extrapolating  the  performance  of  LSI  chips  to 
1985.  According  to  Moore's  law,  a  single  integra- 
ted circuit  chip  will  have  more  than  10,000,000 
components  interconnected  by  1985.  Today  the 
world's  most  powerful  computer  is  generally  recog- 
nized to  be  the  Cray-I  Computer,  which  is  built 
of  dual  ECL  gates  which  have  a  complexity  of 
approximately  30  components  per  circuit.  The 
computer  consists  of  200,000  such  gates  plus  a 
memory  section.  It  thus  has  approximately  6,000,000 
interconnected  components  in  addition  to  memory. 
This  will  easily  be  placed  on  one  LSI  chip  by 
1985  and,  if  one  adds  14  additional  memory 
chips,  he  will  have  a  computer  nearly  as  fast 
but  more  powerful  than  today's  Cray  Computer 
with  approximately  65  million  bits  of  memory. 
This  is  indeed  a  powerful  computer  to  put  into  a 
box  no  larger  than  today's  calculator,  and  one 
must  ponder  what  we  shall  do  with  such  small 
and  powerful  machines! 

Everyone  is  familiar  with  the  revolution  that  has 
been  created  as  a  result  of  the  existence  of  the 
microprocessor  and  other  LSI  circuits.  These 
changes  are  best  illustrated  by  reference  to  the 
pocket  calculator  and  digital  watch,  but  obviously 
they  extend  into  everything  that  is  touched  by 
electronic  systems. 

The  applications  are  legion  and  have  been 
covered  by  many  others  in  literature.  They,  of 
course,  include  electronically  controlled  automo- 
bile systems,  point  of  sale  systems,  video  games, 
intelligent  terminals,  complex  traffic  light  controls, 
controls  for  household  appliances  and  so  forth. 
But  perhaps  more  important  than  the  listening 
of  the  various  applications  is  what  these  devices 
have  done  to  engineering  in  general. 

Ten  years  ago,  if  one  set  about  to  design  the 
electronic  system  for  an  adaptive  traffic  light  con- 
troller with  walk  signs  and  left  turn  lanes,  he 
began  by  establishing  the  exact  specification  of 
the  system.  Then,  as  a  minimum,  he  went  to  the 
drawing  board  and  began  the  logic  design  of  this 
rather  complex  system.  Ten  years  before  that,  he 
started  with  transistors  and  individual  components 
and  even  did  the  basic  circuit  design  in  order  to 
achieve  the  logical  functions  he  needed. 

Now  both  circuit  design  and  logic  design  have 
been  virtually  eliminated  from  the  electronic  sys- 
tems engineers  day-by-day  tasks.  He  starts  with  a 
microprocessor  and  the  basic  problem  is  to  write 
a  program  for  the  microprocessor  so  that  it  will 
control  the  particular  system  in  exactly  the  way 
the  engineer  wants  it  controlled.  Beyond  this  then, 
he  must  add  the  sensors  and  actuators  and  the 
necessary  convertors.  This  particular  part  of  the 
task  has  not  benefited  as  much  from  the  LSI  revo- 
lution as  have  the  memory  and  logic  parts  of  his 
system.  Obviously  this  is  a  field  that  offers  exciting 
frontiers  for  the  next  several  years.  Though  diffi- 
cult these  fields  too  will  eventually  yield  to  advanc- 
ing semiconductor  technology.  Perhaps  electro- 
mechanical technology  will  only  survive  in  the  area 
of  human  interface  with  the  system. 


Even  the  field  of  software  development  has  been 
irretrievably  changed  by  semiconductor  techno- 
logy. Already  in  a  small  programmable  calculator 
such  as  the  HP-67,  very  powerful  sub-routines  are 
available  at  the  touch  of  one  button.  As  the  com- 
plexity of  the  silicon  chip  increases  and  the  cost 
of  producing  it  decreases,  evermore  powerful  rou- 
tines will  be  completely  pre-programmed  in  ROM 
and  made  available  to  the  user  at  the  touch  of  one 
button.  Thus,  complete  computer  programs  which 
today  require  skilled  programmers  to  write  will  be 
done  by  the  semiconductor  manufacturer.  The 
user  will  be  less  and  less  conscious  of  the  routines 
used  by  the  computer  in  order  to  give  him  the  ans- 
wers he  wants  and  needs.  Software  development 
then  becomes  the  province  of  the  people  who 
manufacture  the  silicon  chips.  It  turns  out,  that  as 
humans  have  very  quickly  mastered  the  program- 
mable calculator  and  now  the  microprocessor,  it 
is  probable  they  will  always  find  it  easier  to  learn 
the  microprocessor,  no  matter  how  complex,  than 
to  learn  pure  software. 

So  tomorrow's  Cray  Computer  will  be  as  simple 
to  program  as  today's  HP-67.  Much  of  the  available 
complexity  of  the  machine  will  be  pre-programmed, 
if  you  like,  in  order  to  make  the  communications 
with  human  beings  very  easy  and  direct. 

Today,  the  semiconductor  manufacturer  has 
taken  logic  design  away  from  the  systems  manu- 
facturer. Tomorrow,  he  will  take  transducers, 
memory  and  most  of  the  software  problems  also. 
This  is  the  ultimate  end  of  the  LSI  revolution. 
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the  kaboodle  $99 


The  kaboodle  is  our  popular  SC/MP  Kit  micro- 
computer package:  SC/MP  microprocessor,  ROM, 
RAM,  timing  crystal,  PC  Board,  and  all  necessary 
drive  logic.  All  for  just  $99. 

The  kit  is  our  new,  low-cost  terminal  kit: 
keyboard  display,  and  special  ROM  with  debug 
keyboard/display  scanning  program.  All  for 
just  $95. 

You  don't  need  a  $500  development  system. 

You  don't  need  a  $1,000  teletype. 

You  buy  our  kit  and  kaboodle,  and  you're  in 
business.  In  microprocessors,  video  games,  home 
control  systems,  whatever.  For  training,  for 
learning,  for  development. 

If  you'd  like  complete  information,  we'll  send  it 
to  you  for  nothing. 


Or,  if  you'd  prefer  the  actual  microcomputer  and 
terminal  kit,  that'll  be  just  $194  extra. 

National  Semiconductor 

2900  Semiconductor  Drive,  Santa  Clara,  CA  95051 

Gentlemen: 

Please  send  me  more  information. 

_Please  send  me  a  real  live  SC/MP  Kit  ( ISP-8K/200)  $99. 

Please  send  me  a  real  live  Keyboard  Kit  ( ISP-8K/400)  S95. 
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Also  available  at  your  local  distributor. 
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THE  COMPUTER 

EVEN  A  BABY 

CAN  USE 


S-100  Bus  Microcomputer 
the  Fetal  Electrocardiogram 


by  Kenneth  R.  Perry,  Basil  Steele, 
Rocky  Bridges,  and  Harry  Garland 

The  proliferation  of  low-cost  microcomputers  has 
resulted  not  only  in  a  large  personal  computer  usage, 
but  also  has  brought  about  increased  application  of  the 
microcomputer  into  scientific  and  technical  areas. 
Reversing  the  usual  research  and  development  pattern, 
for  byproducts  of  space-age  technology  to  find  a  way 
into  the  home,  microcomputers  enjoyed  today  by 
hobbyists  in  many  homes  may  find  a  useful  role 
tomorrow  in  hospital  delivery  rooms.  The  new  com- 
bination of  the  microcomputer,  advanced  signal 
processing  technique,  and  adaptive  noise  cancelling, 
may  provide  a  valuable  service  to  the  medical  com- 
munity. Equipping  a  S-100  bus  microcomputer  such  as 
the  Altair'"  8800  or  the  Imsai™  8080  with  a  Cromemco 
A/D  and  D/A  converter  board,  real-time  monitoring  of 
simulated  fetal  electrocardiograph  (ECG)  signals  has 
been  achieved. 

INTRODUCTION 

The  fetal  electrocardiogram  is  the  electrical  signal 
generated  by  the  heart  of  a  fetus.  Reference  sensors 
painlessly  taped  to  the  surface  of  the  abdomen  of  an 
expectant  mother  can  pick  up  this  signal.  The  fetal 
waveform  is  useful  in  determining  the  fetal  heart  rate 
and  detecting  multiple  feti.  This  information  should  be 
useful  in  determining  fetal  maturity  and  the  existence 
of  any  fetal  distress  [1],  The  fetal  ECG  is  a  valuable 
parameter  to  physicians  interested  in  the  well-being  of 
the  unborn  baby.  Unfortunately,  abdominal  recordings 
contain  a  fetal  signal  dwarfed  by  the  maternal  heart 
signal.  Using  minicomputers,  Professor  Bernard 
Widrow  of  Stanford  University  has  shown  that  an 
adaptive  noise  cancelling  technique  can  significantly 
attenuate  the  maternal  ECG  while  leaving  the  fetal 
waveform  unaltered  [2].  The  same  capability  is  now 
available  using  a  microcomputer.  The  system  shown  in 
Fig.  1  uses  a  S-100  bus  microcomputer  to  implement 
a  real-time  adaptive  noise  canceller. 

In  fetal   ECG   monitoring  the  primary  input  to  the 
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microcomputer  is  an  abdominal  lead  which  records 
combined  maternal  and  fetal  heart  signals.  A  chest 
lead  is  used  to  record  the  electrical  activity  of  the 
mother's  heart  and  provide  a  reference  input.  The 
adaptive  noise  canceller  uses  feedback  to  adjust  the 
mother's  ECG  presented  at  the  reference  input  to 
become  as  close  a  replica  as  possible  to  the  maternal 
ECG  found  on  the  abdominal  recording.  At  each 
iteration  the  estimate  is  improved.  Subtraction  of  the 
processed  reference  signal  from  the  primary  signal 
leaves  the  desired  output,  a  clear  fetal  waveform. 

Figure  2  shows  an  adaptive  noise  cancelling  system. 
In  fetal  ECG  monitoring  the  noise  is  the  mother's  ECG. 
The  fundamental  building  block  of  an  adaptive  noise 
canceller  is  the  adaptive  filter.  The  symbolic  re- 
presentation of  the  adaptive  filter  shown  in  Figure  2  is 
expanded  into  block  diagram  form  in  Figure  3.  The 
adaptive  filter  output  (Y,)  is  a  weighted  sum  of  present 
and  delayed  versions  of  the  reference  input.  The  com- 
putational process  followed  by  the  microcomputer  is 
the    Widro-Hoff    LMS    algorithm    [2].    During    each 
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Figure  2.  An  adaptive  noise  cancelling  system. 
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Figure  1.  A  microcomputer 
fetal  ECG  monitor 

(a)  The  primary  input,  a 
combined  maternal  and 
fetal  heart  signals 

(b)  The  reference  input,  the 
mother's  ECG. 

(c)  The  microcomputer  out- 
put showing  the  attenu- 
ated maternal  ECG. 


iteration    the    values    of    each    weight    are    changed 
according  to  this  LMS  algorithm: 

Wi.j+1  =  W,,  2yU.€jXi.i 

The  subscript  i  denotes  position,  and  discrete  time  is 
indexed  by  the  subscript  j.  According  to  this  algorithm 
the  next  weight,  Wy+1,  is  equal  to  the  present  weight 
Wi,j,  plus  a  correction  factor  2yLtejXi.j.  The  parameter  \i 
controls  stability  and  rate  of  convergence  of  the 
algorithm.  Xi.j  represents  the  reference  input  signal 
shifted  along  the  tapped  delay  line  of  the  adaptive 
filter.  The  output  of  the  adappive  noise  canceller  is  e\. 

A  MICROCOMPUTER  FETAL  ECG  MONITOR 

To  show  the  feasibility  of  a  microprocessor  con- 
trolled real-time  adaptive  noise  canceller  for  fetal  ECG 
monitoring,  the  Intel'*  8080  ix?  was  programmed  to 
perform  all  of  the  arithmetic  required  of  a  five-weight 


adaptive  filter,  plus  input  data  from  two  parallel  A/D 
input  ports  and  output  data  to  a  D/A  output  port. 
Readouts  are  viewed  on  an  oscilloscope  and  a  strip 
chart  recorder.  The  main  problem  encountered  in  im- 
plementing a  real-time  microprocessor-based  fetal 
monitor  is  speed.  The  previous  minicomputer  process- 
ing was  done  off-line  and  for  a  100  weight  filter  took 
23  seconds  to  process  320  milliseconds  of  data  which 
had  been  sampled  at  1,000  Hz.  The  microprocessor 
with  its  slower  clock  rate  and  less  powerful  software 
was  initially  considered  too  slow  for  real-time 
processing.  However,  three  features  added  to  save 
time  in  executing  data  resulted  in  a  real-time  fetal  ECG 
monitor.  (1 )  Minicomputer  experimental  trials  revealed 
that  for  certain  projections  of  the  maternal  ECG, 
cancellation  of  the  maternal  complex  could  be  accom- 
plished with  as  few  as  five  weights,  although  a  larger 
filter  gave  better  results. 


Figure  3.  Block  diagram  of  a  five  weight  LMS  adaptive  filter.  The  variable  weights  are  represented  by  a  circle  with  an 
arrow  through  them.  Z"1  represents  a  unit  time  delay.  The  cascaded  time  delays  form  the  tapped  delay  line. 
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With  a  microcomputer  adaptive  signal,  the  fetal 
signal  is  revealed  while  the  maternal  signal  is 
attenuated. 


INPUT  CONVERGENCE  FACTOR 


INITIALIZE  WEIGHTS  TO  ZERO 


SHIFT  SIGNAL  IN  TAPPED  DELAY  LINE 


INPUT  REFERENCE  SIGNAL 


INPUT  PRIMARY  SIGNAL 
(V,) 


COMPUTE  ADAPTIVE  FILTER  OUTPUT 
N 
Y,  =  2  WJI  •  Mill 


COMPUTE  ADAPTIVE  NOISE  CANCELLER  OUTPUT 
<i  =V,  -  Y, 


\     OUTPUT «,       / 


UPDATE  THE  WEIGHTS 
W„+1  =  W,.,  +  2jif,X., 


Figure  4.   Flow  chart  of  microcomputer  program  to  im- 
plement LMS  algorithm. 


Hence  the  design  of  a  five  weight  system  was  in- 
itiated. (2)  The  first  few  instructions  of  the  program 
move  the  entire  program  from  programmable  read  only 
memory  (PROM)  to  random  access  memory  (RAM). 
About  250  microseconds  per  iteration  are  saved  by 
doing  this  because  of  the  four  additional  clock  periods 
required  to  address  PROM  instead  of  RAM.  (3)  The 
algorithm  convergence  factor,  fi,  is  made  to  be  a  power 
of  two,  i.e.,  jli  =  2_b.  Therefore,  instead  of  calling  the 
lengthy  multiplication  routine  an  additional  time,  all 
that  is  required  is  a  simple  shift  of  the  value  in  the 
registers  to  the  right  B  times,  being  careful  to  retain 
the  correct  sign  bit  and  to  insert  zeroes  between  the 
sign  bit  and  the  shifted  data.  The  value  of  B  is  stored  in 
the  front  panel  sense  switches  of  the  microcomputer. 

Incorporating  these  features  into  our  design  gives  a 
reasonably  fast  and  accurate  real-time  system.  For  the 
five-weight  system  the  juPgoes  through  1 308  states  to 
complete  one  iterative  calculation  before  updating  the 
weights.  The  time  it  takes  the  fiP  to  complete  one 
iteration  is  calculated  as  follows: 

Time  (msec)  =  0.654  +  1.0795(N)  +  0.0045(B-1) 

where  N  is  the  number  of  weights  in  the  adaptive  filter 
and  /i  =  2-B.  Therefore,  for  a  five-weight  filter  the 
computation  time  is  approximately  6  milliseconds.  This 
is  also  the  sampling  interval  using  a  programmed  I/O 
method.  This  gives  a  sampling  rate  of  approximately 
160  samples  per  second. 

Figure  4  shows  a  flow  chart  of  the  program  used  to 
realize  the  LMS  algorithm.  The  program  is  stored  in 
only  512  bytes  of  PROM.  The  primary  and  reference 
imput  signals  are  both  8  bit  two's  complement  words. 
All  the  information  is  processed  and  stored  in  two's 
complement  form.  The  first  step  in  the  program,  after 
the  program  is  moved  to  RAM,  is  to  initialize  the  stack 
for  the  weights  and  the  stack  for  the  tapped  delay  line 
outputs  to  zero.  The  values  of  the  weights  are  stored  as 
24  bit  words.  The  upper  sixteen  bits  of  the  weight 
values  are  used  to  calculate  the  adaptive  filter  output, 
Yj.  The  system  output  signal,  ej,  is  then  processed  and 
stored  as  sixteen  bits,  with  the  high  order  byte  output 
to  the  D/A  converter.  The  multiplication  subroutine  is 
written  to  calculate  the  products  (X.j)  •  (Wlj),  and  the 
partial  correction  factors,  ejXy.  The  twenty-four  bit 
partial  correction  factors,  ejXi.j,  are  then  shifted  to  the 
right  (B-1)  times  to  give  the  complete  correction 
factors,  2jU€iXi.j.  These  values  are  then  added  to  the 
previous  24  bit  weight  values  to  update  the  weights. 
The  procedure  is  repeated  continuously. 

RESULTS  AND  CONCLUSIONS 

In  this  work  the  mother's  electrocardiogram,  the 
fetal  electrocardiogram,  and  an  additional  constant  fre- 
quency interference  were  simulated.  At  the  time  test- 
ing was  performed  no  analog  tapes  were  available  of 
actual  recorded  data.  Figure  5A  shows  the  primary 
input  to  the  microcomputer,  a  simulated  signal  re- 
presenting a  recording  from  abdominal  electrodes.  The 
large  spikes  represent  the  maternal  QRS  complex.  The 
smaller  spikes  represent  the  electrical  signals 
generated  from  the  baby's  heart.  There  is  also  some 
additional  sinusoidal  noise.  Figure  5B  shows  the 
reference  input,  a  simulated  signal  representing  the 
mother's  ECG.  Figure  5C  shows  the  output  from  the 
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Until  now,  the  hobbyist  and  small  businessman  have  had  one  major  problem  in  assembling 
a  reasonably  price  microprocessor  system  with  the  capabilities  found  in  the  more  costly 
computers.  It  was  impossible  to  find  a  high-quality,  high-output  printer  for  hard  copy  needs  at 
an  affordable  price. 

Peripheral  Vision  has  come  up  with  a  solution. 

We  are  offering  a  full-size  impact  printer  designed  for  microprocessors — and  it  comes 
with  a  mini  price.  Kit  prices  start  as  low  as  $495  for  the  printer  and  interface  card.  And  that  won't 
impact  your  pocketbook. 

Peripheral  Vision's  printer  is  loaded  with  capabilities.  Take  a  look: 

•  It's  fast — 120  characters  per  second 

•  96  characters  per  line,  12  characters  per  inch  horizontal,  6  lines  per  inch 

•  Makes  up  to  4  copies  simultaneously 

•  Character  set  and  pitch  variable  under  software  control 

•  5  x  7  character  matrix 

•  Ribbon  has  built-in  re-inkers  for  a  life  of  10,000,000  characters 

•  Paper  can  be  either  a  standard  81/2-inch  roll,  fanfold  or  cut  page 

•  Interfaces  to  8-bit  parallel  ports 

Just  remember,  Peripheral  Vision  is  committed  to  helping  you  get  along  with  your  computer. 
The  new  printer  we  are  offering  is  another  example.  It  is  high  quality,  low  in  cost  and  will 
definitely  impact  your  system. 

Write  or  call  now  to  find  out  how  to  impact  your  computer. 
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Figure  5.  Results  of  real-time  microcomputer  experiment  showing  the  training  of  an  adaptive  noise  canceller. 

(a)  The  primary  input  to  the  microcomputer,  a  simulated  signal  representing  combined  maternal  and  fetal  ECG  signals. 

(b)  The  reference  input,  a  simulated  maternal  electrocardiogram. 

(c)  The  output  from  the  microcomputer  as  soon  as  it  is  turned  on.  Notice  the  amplitude  of  the  maternal  ECG  decreases 
with  time. 


Figure  6.  Results  of  real-time  microcomputer  experiment  showing  adaptive  noise  canceller  output  when  the  maternal  and 
fetal  signals  overlap. 

(a)  The  primary  input 

(b)  The  reference  input 

(c)  The  microcomputer  output.  Circled  fetal  complices  were  not  visible  on  the  primary  input  but  the  microcomputer  has 
pulled  them  out  of  the  noise  (the  mother's  ECG). 
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CRT 
Terminals 


•  Includes: 

12"  CRT;  64-key  keyboard;  line  driver/receiv- 
er; power  supply;  plastic  cover  and  bezel 

•  TTL  input  levels;  12.5MHz  video  bandwidth 

•  A  high  quality  unit;  ideal  for  microcomputer 
applications 

•  Fully  assembled,  not  a  kit 

•  Only  $195  in  single  unit  quantities 
(FOB  Hampton,  Va.;  no  COD) 


WYIE  COMPUTER  PRODUCTS 

3200  Magruder  Blvd. 
Hampton,  Va.  23666   (804)838-0122 

CIRCLE  INQUIRY  NO.  28 


SUPER  JOLT  features  TINY  BASIC, 
ASSEMBLER  and  DEBUGGER  ROMs  on  board! 

READY  TO  RUN  IMMEDIATELY!  CONNECT 
THIS  CARD  TO  MOST  ANY  TERMINAL  AND 
YOU'VE  GOT  ALL  THE  MICROCOMPUTER 
HARDWARE  AND  SOFTWARE  PROGRAMS 
YOU  MAY  EVER  WANT. 


FULLY  ASSEMBLED  AND  TESTED 

•  8-bit  6502  processor  •  1.024-byte  static  RAM  •  32-bidirec- 
tional.  programmable  I/O  lines     •  1  MHz  crystal  controlled  clock 

•  interval  timer     •  4  interrupts,  including  timerand  non-maskable 

•  3  serial  interfaces:  20  mA  current  loop.  RS  232  and  TTL  •  5.120 
bytes  resident  ROM  software  including  a  single  pass  symbolic 
assembler,  a  TINY  BASIC  and  a  Debug  Monitor. 

AVAILABLE  NOW.  $375  without  assembler  and 
TINY  BASIC  ROMs,  $575  with.  ORDER  DIRECT 
or  at  participating  computer  stores.  Other  sys- 
tems, cards  and  kits  also  available  from  $96. 
PHONE  (408)  247-8940 
MICROCOMPUTER  ASSOCIATES,  INC. 
2589  Scott  Blvd.,  Santa  Clara  95050 


CIRCLE  INQUIRY  NO.  29 


microcomputer,  as  soon  as  it  is  switched  on.  The  adap- 
tive filter  trains  itself  on  the  first  few  maternal  com- 
plices, adjusting  its  internal  parameters  approximately 
160  times  per  second,  until  by  the  eighth  maternal 
QRS  complex,  the  microcomputer  has  adjusted  itself 
such  that  all  future  maternal  complices  are  attenuated, 
while  the  fetal  signals  remain  relatively  unchanged!  By 
the  time  the  ninth  maternal  complex  is  reached,  the 
output  shows  the  amplitude  of  the  fetal  signal  to  be 
greater  than  the  amplitude  of  the  maternal  signal. 


The    future    of    the    microcomputer    in    medical 
electronics  seems  unbounded. 


But  what  happens  when  the  fetal  and  maternal 
signals  overlap?  This  is  one  of  the  advantages  of  using 
an  adaptive  filter.  Since  part  of  the  power  spectrum  of 
the  fetal  and  maternal  signals  overlap,  conventional 
frequency  domain  filtering  techniques  attenuate  both 
the  fetal  and  maternal  signals.  Figure  6  shows  that 
with  a  microcomputer-controlled  adaptive  system  even 
when  the  two  signals  overlap,  the  fetal  signal  is 
revealed  while  the  maternal  signal  is  attenuated. 

Adaptive  filtering  offers  another  reward  currently 
not  available  in  any  other  fetal  ECG  processor.  Now, 
not  only  is  the  fetal  heart  rate  determined,  but  since  no 
filtering  is  performed  on  the  signal  picked  up  by  the  ab- 
dominal electrodes,  the  output  also  contains 
undisturbed  information  about  the  shape  of  the  fetal 
electrocardiogram.  This  gives  the  physician  a  tool  to 
detect  fetal  arrhythmias  (abnormalities  in  the  electrical 
conduction  system  of  the  baby's  heart). 

The  capability  of  this  system  is  presently  being 
futher  expanded  by  using  digital  hardware  multipliers 
and  a  faster  microprocessor. 

The  future  of  the  microcomputer  in  medical 
electronics  seems  unbounded.  Presented  here  is  but 
one  of  the  many  applications  of  the  microprocessor  to 
the  medical  researcher  or  practicing  physician.  Some 
other  applications  have  already  been  reported,  and  cer- 
tainly many  more  will  follow. 
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NEW  PRODUCT 

GUIDE 


THIS  NEW  PRODUCT  GUIDE  HAS  BEEN  COMPILED  AS  A  SPECIAL  FEATURE  TO 
INTRODUCE  THE  MANY  NEW  PRODUCTS  AND  COMPANIES  ENTERING  THE  HOME 
COMPUTING  MARKET.  THIS  IS  ONLY  A  VERY  SMALL  TIP-OF-THE-ICEBERG  LOOK  AS 
MANY  NEW  MANUFACTURERS  ARE  EVOLVING  DAILY. 


READER 
SERVICE 
PAGE  CARD  NO.* 

MICROPROCESSORS    48     385 

MICROCOMPUTERS    50     386 

PERIPHERALS     64  B    ....  387 

PAPER  TAPE  EQUIPMENT    68     388 

DIGITAL  RECORDERS     69     389 

DISCS 70     390 

TERMINALS    72     391 

I/O  CARDS 73     392 

MEMORY  CARDS    78     393 

TEST  EQUIPMENT    81      394 

POWER  SUPPLIES    82     395 

COMPONENTS    84     396 

LITERATURE 87     397 

SOFTWARE 92     398 

MISCELLANEOUS 94     399 

•SHOULD  YOU  WISH  INFORMATION  ON  ALL  ITEMS  IN  A  SECTION,  CIRCLE  THE  NUMBER  IN- 
DICATED IN  THE  RIGHT  HAND  COLUMN  ABOVE  ON  THE  READER  SERVICE  CARD. 
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Microprocessors 


16-BIT  l2L  Microprocessor 

The  new  microprocessor,  designated  SBP 
9900.  is  a  ruggedized  full-temperature  (  —  55°C 
to  +125°C)  16-bit  microprocessor  believed  to 
be  the  first  monolithic  central  processing  unit 
produced  with  bipolar  Integrated  Injection  Logic 
(l2U  technology. 
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Key  features  include:  Parallel  16-bit  word 
length;  Full  minicomputer  instruction  set  in- 
cludes multiply  and  divide;  Directly  addresses  up 
to  65.536  bytes/32,768  words  of  memory; 
Advanced  memory-to-memory  architecture; 
Multiple  16-word  register  files  (work  spaces)  re- 
side in  memory;  Seven  addressing  modes; 
Separate  I/O,  memory  and  interrupt  bus  struc- 
tures: Sixteen  prioritized  hardware  interrupts; 
Word,  byte  and  bit  data  handling;  Sixteen  soft- 
ware interrupts  (KOPS);  DMA  capability;  Parallel 
I/O  via  separate  data  and  address  buses;  Serial 
I/O  via  communications-register-unit  (CRU); 
Software  compatible  with  Tl  9900  microproces- 
sor/990 minicomputer  family;  l2L  technology  for: 
—  55°C  to  +125°C  ambient  temperature  range; 
User  selectable  speed/power  operation  with 
typical  clock  frequency  range  from  dc  to  3  MHz; 
Fully  static  operation;  Single  non-critical  dc 
power  supply;  Directly  TTL  compatible 
input/outputs  (including  clock) 

Supplied  in  a  64-pin  ceramic  DIP  and  rated  for 
operation  at  ambient  temperatures  ranging  from 
-55°C  to  +125°C,  the  SBP  9900  sells  for 
$386.00  at  the  100  piece  level. 

For  further  information  contact  Texas 
Instruments  Incorporated,  Inquiry  Answering 
Service,  P.O.  Box  5012,  M/S  308  (Attn:  SBP 
9900),  Dallas,  Texas  75222.  Marketing  Contact: 
Robert  Bergeler  (713)  494-5115,  Ext.  2621. 
CIRCLE   INQUIRY   NO.  200 


Additions  To  T.l.'s 
MP  Family 


9900 


DALLAS,  July  20,  1976  ...  Texas 
Instruments,  Inc.  will  add  a  new  microprocessor 
and  four  peripheral  circuits  to  its  TMS  9900 
family  to  expand  the  applications  spectrum  of  all 
9900-series  products. 


processor  —  a  lower  performance  version  of  the 
powerful  16-bit  TMS  9900  microprocessor.  It  is 
packaged  in  a  40-pin  DIP,  and  like  the  TMS 
9900,  it  is  a  16-bit  central  processing  unit  and 
executes  the  full  9900  instruction  set  including 
hardware  multiply  and  divide.  It  features  an  8-bit 
data  bus  and  a  16-bit  address  bus,  making  it 
compatible  with  byte-oriented  microprocessor 
memories. 

The  same  flexible  I/O  system  is  employed  as 
on  the  TMS  9900.  offering  the  user  capability  to 
do  D.M.A.,  memory  mapped  I/O,  or  the  easy-to- 
use  serial  I/O  port  (the  Communications  Register 
Unit,  or  CRU).  Six  interrupts  including  a  non- 
maskable interrupt  and  reset  will  be  available. 

The  oscillator  and  clock  generator  of  the  9980 
will  be  contained  on-chip.  The  new  micro- 
processor is  targeted  to  be  extremely  cost  effec- 
tive in  systems  requiring  smaller  memory  size 
and  less  I/O,  particularly  where  board  space  and 
chip  count  may  be  critical.  The  TMS  9980  will 
compete  head-on  in  the  medium  performance 
range  with  currently  available  8-bit  MPU's  such 
as  8080  or  6800.  The  9980  gives  Tl  a  complete 
software  compatible  family  including:  TMS  9900 
16-bit  microprocessor.  990/4  microcomputer 
and  990/10  minicomputer  implemented  in  TTL. 
TMS  9980  samples  are  scheduled  for  4Q76. 

For  further  information  contact  TEXAS 
INSTRUMENTS  INCORPORATED.  P.O.  Box 
5012,  MS/84,  Dallas,  Texas  75222,  Attn: 
"9900  Family",  Marketing  contact:  Al  Lofthus 
(713)  494-5115. 

CIRCLE  INQUIRY  NO.  201 


New  COP  Series 

A  new  series  of  calculator-oriented  pro- 
cessors (COPS),  fill  the  gap  between  general- 
purpose  microprocessors  that  are  often  too 
powerful,  and  dedicated  custom  circuits  that  take 
too  long  to  develop,  has  been  designed  by 
national  Semiconductor  Corp.  The  new  family  of 
COPS  consists  of  the  MM5781  and  MM5782 
set,  the  single-chip  MM5799  controllers  and  the 
simplified  MM57 1 40,  each  of  which  contains  all 
that's  necessary  to  implement  most  dedicated 
control  applications  for  less  than  $10. 


The    TMS     9980    is    a    new    MOS    micro- 
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Each  controller  includes  a  clock  generator, 
central  processing  unit,  read-only  control 
memory,  random-access  memory,  parallel  in- 
puts, and  programmable  outputs,  plus  a  variety 
of  single-bit  input/output  ports  that  are  under 
program  control.  And  each  can  connect  directly 
to  keyboards,  displays,  A-to-D  and  D-to-A  con- 
verters, and  drive  motors,  relays  and  similar  de- 
vices through  a  buffer. 

For  further  information  contact  National 
Semiconductor,  2900  Semiconductor  Drive, 
Santa  Clara,  CA  95051;  Telephone  (408)  737- 
5000  TWX:  910-339-9240. 

CIRCLE   INQUIRY   NO.  202 


New  Products  To  8080A  Microprocessor 
Family 

An  expanded  line  of  interface  and  support  cir- 
cuits for  the  8080A  microprocessor  family  plus 
two  new  additional  versions  of  the  8080A  CPU 
are  now  available  from  National  Semiconductor 
Corp. 

National's  pin-for-pin  and  function-for- 
function  replacement  for  the  INTEL  8080A  de- 
vice, available  since  June,  is  being  joined  by  the 
INS8080A-1  and  INS8080-(s.  The  original 
8080A  has  a  2  microsecond  minimum  time  rat- 
ing, while  the  8080A-1  features  a  1.3  micro- 
second cycle  and  the  8080A-2  has  a  1.5  micro- 
second cycle. 


The  interface  devices  being  introduced  in- 
clude an  8-bit  input-output  port  (DP8212),  a 
clock  generator  and  driver  (DP8224)  and  a 
single-chip  system  controller  and  bus  driver 
(DP8228,  DP8238),  all  built  using  Schottky 
Polar  Technology.  Two  other  interface  circuits,  a 
microprocessor  interface  latch  element  (MILE) 
manufactured  by  silicon-gate  CMOS  process 
(DP8301)  and  an  8-bit  bi-directional  bus  trans- 
ceiver fabricated  by  low-power  Schottky  pro- 
cess (DP8304)  should  be  available  by  March  1. 

Further  information  about  National's  8080A 
microprocessor  family  and  support  devices  is 
available  from  National  Semiconductor  Corp., 
2900  Semiconductor  Drive.  Santa  Clara,  CA 
95051. 

CIRCLE   INQUIRY  NO.  203 


AMD  Offers  New  20-Pin  ALU 

Advanced  Micro  Devices  is  now  producing 
two  high-performance,  low-power  Schottky  de- 
vices that  combine  the  key  functions  of  the  pop- 
ular Am54/74LS181  4-bit  ALU  with  the  conve- 
nience of  the  slim  20-pin  package. 

The  Am25LS381  performs  three  arithmetic 
functions  (A  minus  B.  B  minus  A  and  A  plus  B) 
and  three  logic  functions  (A  ffi  B.  A  +  B  and  A.B) 
on  two  4-bit  words.  G  and  P  outputs  are  pro- 
vided for  full  carry  look  ahead  operations. 

Both  devices  are  available  in  20-lead  molded 
and  hermetic  DIP  and  ceramic  flat  packages. 
And,  as  with  all  Advanced  Micro  Devices'  cir- 
cuits, these  ALU's  undergo  100  percent  pro- 
cessing to  the  requirements  of  MIL-STD-883. 

Prices  for  the  AM25LS381  start  at  $2.94  in 
100-piece  lots  and  are  available  nationally  from 
Hamilton/Avnet,  Schweber  or  Cramer  Elec- 
tronics and  regionally  from  Arrow,  Bell  and  Cen- 
tury Electronics. 

For    further    information    contact    E.    Sopkin, 
Advanced  Micro  Devices,  Inc.,  901   Thompson 
Place,  Sunnyvale.  CA:  (408)  732-2400. 
CIRCLE  INQUIRY  NO.  204 


MARCH  1977 


Now  you  can  buy  an 

Altair™8800b  or  an  Altair 

680b  computer  right  off 

the  shelf.  Altair  plug-in 

boards,  peripherals, 

software  and  manuals 

are  also  available. 

Check  the  list  below 

for  the  MITS 

dealer  in  your  area. 


off  the  s 


ALTAIR  COMPUTER  CENTER 
8105  SW  Nimbus  Ave. 
BEAVERTON.  OR  9700S 
(5031-644-2314 

COMPUTER  KITS 
1044  University  Ave 
BERKELEY,  CA  94710 
14151-845-5300 

THE  COMPUTER  STORE 

820  Broadway 

SANTA  MONICA,  CA  90401 

(2131-451-0713 

GATEWAY  ELECTRONICS,  INC 
OF  COLORADO 
2839  W    44th  Ave 
DENVER,  CO  80211 
(3031-458-5444 

COMPUTER  SHACK 
3120  San  Mateo  N  E 
ALBUQUERQUE,  NM  87110 

(5051-883-8282,  883-8283 

ALTAIR  COMPUTER  CENTER 
4941   East  29th  St 
TUCSON,  AZ  85711 
(602I-748-7363 


ALTAIR  COMPUTER  CENTER 
611   N    27th  St.  Suite  9 
LINCOLN,  NB  68503 
(402)  474-2800 

COMPUTER  PRODUCTS  UNLIMITED 

2412   Broadway 

LITTLE  ROCK,  AR  72206 

(5011-371-0449 

ALTAIR  COMPUTER  CENTER 
110  The  Annex 
5345   East  Forty  First  St. 
TULSA,  OK  74135 

(9181-664-4564 

ALTAIR  COMPUTER  CENTER 
57  50  Bintliff  Drive  Suite  206 
HOUSTON,  TX  77036 

(7131-780-8981 

COMPUTERS-TO-GO 
4503  West  Broad  St. 
RICHMOND,  VA  23230 

(8041-355-5773 

MICROSYSTEMS  (Washington.  D  C  I 
6605A  Backlick  Rd 
SPRINGFIELD,  VA  22150 

[7031-569-1110 

THE  COMPUTER  STORE 
Suite  5 

Municipal  Parking  Building 
CHARLESTON,  W.  VA.  25301 

13041-345-1360 


THE  COMPUTER  ROOM 
3938  Beau  D'Rue  Drive 
EAGAN,   MN  55122 
(6121-452-2567 

THE  COMPUTER  STORE 

OF  ANN  ARBOR 

310  East  Washington  Street 

ANN  ARBOR,   Ml  48104 

(3131-995-7616 

THE  COMPUTER  STORE,  INC 

(Hartford  area) 

63  South  Main  Street 

WINDSOR  LOCKS,  CT06096 

(2031-627-0188 

CHICAGO  COMPUTER  STORE 

517  Talcott  Rd 

PARK  RIDGE,  IL  60068 

(3121-823-2388 

GATEWAY  ELECTRONICS,  INC 
8123-25  Page  Blvd 
ST.  LOUIS.   MO  63130 
(3141-427-6116 

ALTAIR  COMPUTER  CENTER 
DAYTON,  OHIO  45403 


THE  COMPUTER  STORE,  INC 
120  Cambridge  St 
BURLINGTON,   MA  01803 
(6171-272-8770 

ALTAIR  COMPUTER  CENTER 
269  Osborne  Road 
ALBANY,  NY  12211 
(5181-459-6140 

THE  COMPUTER  STORE 

OF  NEW  YORK 

55  West  39th  Street 

NEW  YORK.  NY  10018 

(2121-221-1404 

THE  COMPUTER  SYSTEMCENTER 
3330  Piedmont  Road 
ATLANTA,   GA  30305 
(404 1-231-1691 

MARSH  DATA  SYSTEMS 
5405  B  Southern  Comfort  Blvd 
TAMPA,  FL  33614 
18131-886-9890 


(5131-252-6785 


flj&  LXDOS 


MARCH  1977 


CIRCLE  INQUIRY  NO.  30 


INTERFACE  AGE  49 


Micr 


New  Modules  Added 

To  Microprocessor 

Learning  System 

DALLAS.  August  6.  1976  ...  Three  pre- 
assembled,  add-on  modules  to  the  Texas 
Instruments  Microprogrammer  Learning  Module 
are  available.  The  self-contained  units,  controller, 
memory  and  input/output,  complete  the  user- 
paced  system  for  understanding  micro- 
processors and  provide  a  training  ground  for 
basic  software  and  hardware  development. 


Further  details  about  each  of  the  four  system 
modules  follows: 

LCM-1001  Microprogrammer  Module:  With 
this  basic  building  block,  a  user  learns  micro- 
programming principles  through  single-clock- 
step  micro  instructions.  The  microprogrammer 
contains  a  4-bit  static  parallel  processor  with 
manual  switch  inputs.  VLED  monitors,  and 
manual  clock  pushbutton. 

LCM-1002  Controller  Module:  A  256  X  20 
PROM  (five  chips)  is  used  to  store  macro  instruc- 
tions, each  containing  eight  or  16  micro  instruc- 
tions. Like  conventional  micorcomputers,  the 
module  also  has  a  memory  data  register,  in- 
struction register,  and  program  counter. 

LCM-1003  Memory  Module:  This  stand- 
alone, read/write  static  RAM  is  organized  as 
1 024  words  of  1 2  bits  each.  While  micro  instruc- 
tions are  stored  in  the  PROM  memory  in  the  con- 
troller, macro  instructions  are  stored  in  the  LCM- 
1003  RAM.  The  12-bit  instruction  word  provides 
an  operation  code  and  an  operand  address.  The 
1024  words  may  include  instructions,  constants, 
or  variable  data. 

Prices  for  the  learning  modules  are:  LCM- 
1001  Microprogrammer,  $149.95:  LCM-1002 
Controller,  $189.95:  LCM-1003  Memory. 
$189.95. 

For  further  information  contact  Texas 
Instruments  Incorporated,  Inquiry  Answering 
Service,  P.O.  Box  5012.  M/S  308  (Attn:  M.P. 
Modules),  Dallas,  Texas  75222. 

CIRCLE   INQUIRY  NO.  205 

Wyle  /<P  Microcomputer  System 

Wyle  Computer  Products,  a  division  of  Wyle 
Laboratories,  announces  a  new  modular  micro- 
computer system,  complementing  its  extensive 
line  of.  printed  circuit  logic  cards,  card  files, 
power  supplies  and  accessories. 

The  fiP  series  microcomputer  system  of  circuit 
logic  cards  is  designed  with  major  subsystems  on 
individual  logic  cards  to  allow  the  designer  flexi- 
bility in  configuring  memory  and  I/O  structure. 
The  card  size  is  directly  compatible  with  the 
existing  Wyle  logic  card  line,  allowing  for  inter- 
face development  and  packaging  in  the  same 
card  file  with  the  microcomputer  system.  A  uni- 
que aspect  of  the  pP  Series  is  the  availability  of 
an  interface  to  the  DEC  PDP-11,  which  allows 
the    PDP-11    to   exercise  full   control   over  the 


microprocessor  address,  control  and  I/O  buses. 
This  along  with  a  proprietary  Microprocessor  On- 
line Development  System  (MODS)  and  cross 
assembler,  also  available  from  Wyle,  allows  the 
user  to  completely  develop  and  debug  micro- 
computer software  utilizing  the  larger  system.  A 
RAM/ROM  memory  module  is  available  for 
program  development  directly  on  the  micro- 
computer system. 

For  further  information  contact  WYLE  COM- 
PUTER PRODUCTS.  3200  Magruder  Boulevard, 
Hampton,  Virginia  23666:  (804)  838-0122. 
CIRCLE  INQUIRY  NO.  206 

New  Turnkey  Version  Features 

AUTO-START 
Programs  Executed  Immediately 

The  Altair  8800b  Turnkey  computer 
incorporates  all  the  quality  construction  and 
good  looks  of  the  Altair  8800b  computer  in  ad- 
dition to  such  new  features  as  AUTO-START, 
which  allows  automatic  execution  of  a  program 
in  PROM  as  soon  as  the  power  is  turned  on. 


With  the  new  Turnkey  Module  board,  all  the 
functional  units  of  the  computer  —  the  CPU, 
RAM  and  PROM  memory,  sense  switches  and 
serial  I/O  —  can  be  contained  on  just  two  circuit 
boards,  which  are  supplied  in  the  standard 
Turnkey  version  package.  However,  the  system 
has  the  same  expandable  ability  as  the  full  front 
panel  model  8800b  computer.  The  board  con- 
sists of  a  serial  I/O  channel  that  can  operate  with 
a  variety  of  devices,  1  K  byte  each  of  RAM  and 
PROM  as  well  as  logic  for  the  AUTO-START 
feature.  A  keylock  switch  prevents  unauthorized 
power  on  or  power  off. 

Software  support  includes  a  Monitor  PROM 
and  bootstrap  loaders  for  Altair  BASIC. 

For  further  information  contact  MITS.  2450 
Alamo  S.E.,  Albuquerque,  NM  87106. 
CIRCLE  INQUIRY  NO.  207 

Data-Catcher 

DATA-CATCHER  is  an  option  for  the  MICRO- 
68  line  of  6800  Microprocessor  prototype 
development  systems. 


operation  of  the  MICRO-68  and  captures 
address  and  operand  after  the  completion  of 
each  machine  instruction  and  displays  the  data 
on  an  integral  6  digit  hexdisplay.  This  feature 
provides  for  easy  debugging  of  new  programs 
written  by  the  user.  The  DATA-CATCHER  is 
available  from  stock  as  an  option  to  EPA's 
expanded-68  Micro-computer  system  for 
$140.00. 

For  further  information  contact  Electronic 
Product  Associates,  Inc..  Director  of  Marketing, 
1 157  Vega  Street,  San  Diego,  CA  921 10;  (714) 
276-8911. 

CIRCLE   INQUIRY  NO.  208 


RCC's  Z//100  Series  of  Portable 
Microcomputer  Systems 

Realistic  Controls  Corporation  (RCC) 
announces  a  new  line  of  table-top  micro- 
computer systems,  the  Z//100  Series,  dubbed 
"The  Personal  FORTRAN  Machines." 


The  DATA-CATCHER  provides  for  single  step 


The  Z//100  systems  are  available  with  a 
monitor,  a  complete  file  management  system 
and  FORT//80.  RCC's  previously  announced 
8080  resident  FORTRAN  IV  compiler. 

Priced  at  $7995.  the  Z//100-1  includes  36K 
bytes  of  RAM,  dual  diskette  drive,  and  two  EIA 
RS-232-C  serial  communications  channels.  One 
channel  can  be  ordered  with  a  20  Ma  current 
loop  interface. 

Delivery  is  30  days  ARO. 

For  further  information  contact  Realistic 
Controls  Corporation.  3530  Warrensville  Center 
Road,  Cleveland.  OH  44122;  (216)  751-3158. 
CIRCLE  INQUIRY   NO.  209 


ECT-100  Microcomputers 

ECT-100  Microcomputers  are  engineered  for 
use  in  dedicated  control  applications,  turnkey 
systems  or  other  Microcomputer  systems  appli- 
cations. 

The  ECT-100  Card  Cages  are  of  rugged  con- 
struction and  fit  the  industry  standard  19  inch 
cabinetry  occupying  seven  RETMA  increments 
(12.25  inches).  They  hold  20  printed  circuit 
boards  10  x  5.3  on  ¥t  inch  centers  which  are 
removable  from  the  front  for  easy  accessibility. 
The  bus  structure  is  the  standard  100  pin  bus  of 
the  personal  computers  ("Altair"  bus  or  S-100 
bus).  A  wide  variety  of  cards  are  available  from 
more  than  30  manufacturers:  ECT-100  Card 
Cage;  ECT- 100-8080,  A  8080  based  Micro- 
computer; ECT-100-Z80.  A  Z80  based 
Microcomputer. 

Prices  start  at  $100. 

For  further  information  contact  Electronic 
Control  Technology,  P.O.  Box  6  Union.  New 
Jersey  07083. 

CIRCLE  INQUIRY   NO.  210 
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Versatility 

CEI/Custom  Keyboards 

have  it 


i   i   i-..  i   i-  * 


*      i 


What  goes  on  these  keys  is  up  to  you 


Our  aim  at  CEI  is  to  provide  you  the  hobbiest,  with 
a  keyboard  system  that  can  perform  any  task  you  could 
possibly  demand.  Diode  encoding  coupled  with  one 
switch  register  encoded  key  allows  complete  latitude 
in  key  definition.  Both  positive  and  negative  going 
strobes  are  provided  for  interfacing.  Visual  indication  of 
keyboard  status  is  provided  by  22  LED's,  1 3  of  which  can 
have  user  defined  meaning.  Shift  and  shift  lock  are 
provided 


Unliminted  versatility  w/1 00  Keys 


90  are  encoded  off  of  a 

diode  matrix  and  are 

fully  user  defined. 

1  -  is  encoded  by  an  8 

switch  register  to  allow 

easy  redefination 

1  -  on  board  reset  key 
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Diode  encoding  allows  a 
multitude  of  encoding 
techniques.  ECIBIC, 
ASCII,  BAUDOT,  RADIX 
50,  FIELDATA  or  codes 
of  your  own  design. 
Complete  documentation 

CIRCLE  INQUIRY  NO.  31 


Computer  Electronics  Inc. 
37433  Centralmont  Place 
Fremont,  Calif.  94536 
Phone  (415)  796-5760 

□  Send KB3A  Kit.  Supplied 

with  all  switches,  diodes,  PC 
board,  TTL-ICs,  +  5v.  regulator, 
connecting  ribbon  cable  $95.95 

a  Send KB3B  Kit.  Same  as 

above  except  without  diodes, 
TTL-ICs,  +  5v.  regulator  & 
ribbon  cable.  $49.95 

a  Case  for  above  $29.95 

NAME 

ADDRESS  

CITY/STATE/ZIP 

NOTE:  Calif,  residents  add 
6%  sales  tax 
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New  Microprocessor  Evaluation 
Design  Kit  II 

Motorola's  new  microprocessor  evaluation 
design  kit  features  24  key  keyboard.  7  segment 
display,  cassette  interface.  EPROM  expandable, 
wire  wrap  capability,  interface  capability,  single  5 
volt  supply  required,  layout  on  boards  and  docu- 
mentation. 


System  with  Rebuilt 
TTY  33  Printer 

A  self-contained  minicomputer  system 
complete  with  a  rebuilt  Teletype  Model  33 
printer  is  available  from  Mini  Micro  Mart.  Input  is 
from  an  electronic  keyboard,  and  a  25  line  x  40 
character  video  display  interface  is  provided,  as 
well  as  the  hard  copy  printer.  (The  user  supplies  a 
video  monitor  or  modified  TV  set.) 


POLY  88  System  Two 

The  POLY  88  System  Two  kit  provides  the 
central  core  for  attaining  your  computing  fan- 
tasies. 


Hardware  features  include  1 6  I/O  Lines  and  4 
Control  Lines.  Firmware  features  a  J-Bug 
Monitor.  This  monitor  allows  the  user  to  com- 
municate with  and  control  the  M6800  Micro- 
computer by  using  the  hexadecimal  keyboard 
and  display  module. 

Expandability  features  the  MPU  Module  Card 
prewired  for  ease  of  expandability  capable  of 
accepting:  2-MCM6810-128  X  8  RAM's,  3- 
MC8T96-Address  Buffers,  2-MC8T26  Bidirec- 
tional buffers. 

By  adding  optional  buffers  in  the  space 
provided,  the  kit  may  be  upgraded  to  EXORciser 
compatible  status. 

The  MEK6800D2  Kit  has  all  the  parts 
necessary  to  complete  the  M6800  Micro- 
processor system  for  only  S235. 

For  further  information  contact  Motorola 
Semiconductor  Products,  Inc.,  P.O.  Box  20912, 
Phoenix,  AZ  80536.  Telephone  (602)  244-3464. 
CIRCLE   INQUIRY   NO.  211 


There  is  a  choice  of  directly  interchangeable, 
busable  CPU  boards;  an  8080  version,  a  6800 
version,  and  a  Z80  version.  All  of  the  CPU  boards 
provide  for  both  serial  and  parallel  interfaces 
the  main  board  as  well  as  for  PROM  or  ROl 
The  complete  system  includes  an  operating 
monitor  in  PROM  or  ROM.  An  audio  cassette 
interface  is  also  a  part  of  the  standard  package. 

The  complete  kit,  including  4K  of  300  ns 
memory  with  a  used  Teletype,  is  available  at 
$995.  With  a  rebuilt  printer  and  in  an  assembled 
and  tested  form,  it  is  available  at  $1395.  Ver- 
sions without  the  printer  or  video  interface  are 
available.  Additional  memory  is  available  for  as 
little  as  $99.95  per  4K  board.  A  5K  BASIC  com- 
piler is  included  without  extra  charge.  Write  or 
phone  for  details.  Mini  Micro  Mart,  1618  James 
Street,  Syracuse,  NY  13203;  (315)  422-4467. 
CIRCLE  INQUIRY  NO.  212 


Popular  8080A  Central  Processor  Unit 
features  V2K  RAM  on  card,  IK  monitor  with 
room  for  two  more  ROMs,  real-time  clock,  8 
level  vectored  interrupt,  serial  communication 
ports. 

Byte/Polyphase  Cassette  Interface  Mini-card 
features  selectable  baud  rate. 

Chassis  features  SI 00  compatible.  5  card 
slots,  rugged  6A  power  supply,  up  to  four  chassis 
may  be  plugged  together. 

The  firmware  monitor  provides  a  front  panel 
on  the  video  display,  a  tape  input  routine,  and 
debug  aids  including  the  ability  to  single  step 
through  a  program.  The  real  time  clock  and 
vectored  interrupts  are  also  serviced  by  the 
monitor,  providing  a  system  architecture  for 
development  of  truly  elegant  software  systems. 
The  complete  assembly,  theory  and  operation 
manual  allows  you  to  get  the  System  Two  kit  up 
in  a  few  evenings.  $690. 

For  further  information  contact  PolyMorphic 
Systems.  460  Ward  Drive,  Santa  Barbara,  CA 
93111. 

CIRCLE  INQUIRY  NO.  213 


OUR  COMPUTER  MfTKES  MUSIC ! 

HERE'S  HOW: 

EQUALLY  TEMPERED  DIGITAL  TO  ANALOG  CONVERTER 

Unlike  more  conventioanl  R-2R  ladder  type  digital  to  analog 
converters,  the  PAIA  8780  kit  is  based  on  a  multiplying  principle 
that  allows  the  module  to  generate  the  exact  exponential  stair-step 
function  required  to  make  even  the  simplest  linear  response  oscil- 
lators and  filters  produce  equally  tempered  musical  intervals.   The 
8780  uses  only  six  bits  of  data  to  generate  over  5  octaves  of  control 
voltage.    In  an  8  bit  system,  the  remaining  2  bits  are  ordinarily 
reserved  for  trigger  flags,  but  may  be  used  to  extend  the  range  of 
the  converter  or  provide  for  micro-tonal  tunings. 

The  module  is  physically  and  electrically  compatible  with  the 
complete  line  of  PAIA  music  synthesizer  modules  and  is  easily 
interfaced  to  any  micro-processor  with  or  without  hand-shaking  logic. 
#8780  D/A  CONVERTER  Kit $34.95     (plus  $1.  00  postage) 

MUSIC  SYNTHESIZER  MODULES 

PAIA  offers  a  complete  line  of  low-cost  voltage  controlled  music 
synthesizer  module  kits  including  the  4720  Oscillator  and  4730  Filter 
shown.    Both  units  feature  linear  freq.  /control  voltage  response  and 
16  Hz.  to  16  kHz.  range.   The  4720  VCO  produces  ramp,  triangle, 
sine  and  pulse  waveforms.  The  companion  4730  VCF  is  a  state 
variable  design  with  simultaneously  available  low-pass,  band-pass 
and  high-pass  outputs,  all  with  "Q"  adjustable  from  .  5  to  150. 

Other  modules  available  include:  Voltage  Controlled  Amplifiers, 
Balanced  Modulators,  Envelope  Generatros,  Reverb  Units,  Noise 
Sources  and  Power  Supplies.    All  modules  are  compatible  with  the 
PAIA  8780  Equally  Tempered  DAC  for  easy  computer/micro- 
processor/micro-controller interface  and  are  designed  to  play 
through  any  hi-fi  or  musical  instrument  amplifier. 

#4720   VCO  kit     $34.  95    .  .     (plus  $1.  00  postage) 

#4730   VCF  kit     $37.95    ..     (plus  $1.  00  postage) 

DETAILS  ON  THESE  &  MORE  IN  00R  FREE  CATALOG 


ELECTRONICS 


DEPT     3-F 

1020  W.  W1LSHIRE  BLVD. 

OKLAHOMA  CITY,  OK  73116 
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State-Of-The-Art/ Low-Cost  Micro- 
computer For  Dedicated  Work 

The  Z-2  has  a  fast  250-nanosecond  cycle 
time,  the  power  of  the  Z-80  fiP.  and  many  spe- 
cial features. 


A  significant  feature  of  the  new  Z-2  is  that  it 
uses  the  Z-80  microprocessor,  generally  con- 
sidered to  be  the  standard  of  the  next  gen- 
eration of  microprocessors.  The  Z-80  has  much 
more  power  and  speed  than  such  previous  popu- 
lar chips  as  the  8080,  6800,  etc. 

Essentials  of  the  Z-2  —  The  new  Cromemco  Z-2 
is  designed  to  provide  the  engineer  or  even  the 
hobbyist  with  the  industry's  fastest  and  most 
powerful  microcomputer  in  a  form  especially 
convenient  to  application  in  dedicated  industrial, 
educational,  instrumentation,  laboratory, 
business  and  other  work. 

Kit  or  assembled  —  The  Z-2  is  available  in  either 
kit  or  assembled  form.  The  kit  comprises  the  Z-2 
for  rack  mounting,  the  Cromemco  4  MHz  micro- 
processor card,  the  full-length  21 -slot  mother- 
board, heavy  duty  power  supply,  one  card  socket 
and  card-guide  set,  and  front  panel. 

The  assembled  Z-2  includes  the  above  as  well 
as  all  21  sockets  and  card  guides  and  a  cooling 
fan. 

Price/delivery  —  Price  of  the  Z-2  in  kit  form  is 
only  $595,  thus  giving  the  engineer,  hobbyist, 
etc.,  a  very  low  entry  figure  into  the  high  perform- 
ance microcomputer  field. 

Price  of  the  Z-2  assembled  is  S995,  still  a  low 
figure  for  the  essentials  of  a  microcomputer  with 
4  MHz  speed  and  Z-80  power. 

Delivery  is  from  stock  to  30  days. 

For  further  information  contact  Joe  McCrate, 
Cromemco,  Inc.,  2432  Charleston  Rd.,  Mountain 
View,  CA  94043:  (415)  964-7400. 
CIRCLE   INQUIRY  NO.  214 

Cromemco  Introduces  A  New  CPU  Card 

Cromemco  has  introduced  a  new  CPU  card 
based  on  the  new  Z-80  microprocessor. 

The  new  card  uses  a  selected  version  of  the  Z- 
80,  a  version  having  a  clock  rate  of  4  MHz  (which 
is  twice  as  fast  as  those  using  previous  micro- 
processors). 


The  new  CPU  card  is  designed  as  an  easy  way 
for  the  user  to  apply  the  Z-80  chip  to  his  cir- 
cuitry or  system.  The  card  is  plug-compatible 
with  existing  microcomputers  and  uses  the 
industry-standard  "S-100"  computer  bus  which 
is  supported  by  more  than  a  dozen  manufac- 
turers. 

The  new  card  is  priced  at  S295  in  kit  form  or 
$395  assembled.  Delivery  is  15  -  30  days. 

For  further  information  contact  Joe  McCrate, 
Cromemco,   2432    Charleston    Road,    Mountain 
View,  CA  94043;  (415)  964-7400. 
CIRCLE  INQUIRY  NO.  215 
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LS 1-11   Microcomputer 
on  a  board 

The  most  versatile  instruction  set  in  the  micro 
market  —  all  the  instructions  of  the  PDP-1 1/34. 


Raw  compute  speed 
time. 


400ns  micro  cycle 


Real  arithmetic  power  —  multiply-divide.  in- 
teger and  floating  point  arithmetic.  Floating  point 
multiply,  typically  64  /isec. 

Powerful  software,  proven  on  over  25.000 
PDP-1  Vs.  For  engineering,  diagnostics  and 
resident  debugging.  Three  operating  systems  — 
RT-1  1,  RSX-1  IS.  and  PTS-1 1.  Three  high  level 
languages  —  FORTRAN,  BASIC  and  FOCAL. 
And  a  whole  library  of  applications. 

Users  also  get  16-bit  architecture,  a  bi- 
directional asynchronous.  33-line  I/O  bus  that's 
far  simpler  than  any  8-bit  design,  the  only  non- 
volatile core  memory  option  in  the  micro  market- 
place, the  ability  to  expand  up  into  the  rest  of  the 
famous  PDP-1 1  family,  plus  the  kind  of  reliability 
that's  made  Digital  the  number  one  company  in 
microcomputers. 

For  further  information  contact  Digital 
Equipment  Corporation.  Components  Group.  One 
Iron  Way.  Marlborough.  MA  01752;  (617)  481- 
7400  TWX  710-347-0348 
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|  Without  our  software,         | 
we're  just  another  flasher. 
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Let's  face  it.  No  microcomputer  is 
worth  a  dime  if.  you  can't  make 
it  work.  Even  E&L's  Mini-Micro- 
designer  would  be  just  a  "light 
flasher"  if  it  weren't  for  our  soft- 
ware system. 

But  the  fact  is  that  our  tutorial  soft- 
ware is  the  best  in  the  business. 
Not  just  a  pathetic  rehash  of  chip 
manufacturers'  specifications.  But 
a  clearly  written,  step-by-step  in- 
struction that  teaches  you  all  about 
the  microcomputer.  How  to  pro- 
gram it,  how  to  interface  it,  how  to 
expand  it. 

The  teaching  material  is  written  by 
Rony/Larsen/Titus  (authors  of  the 
famous  Bugbooks).  It's  called  Bug- 
book  V.  And  it  teaches  through  ex- 
periments designed  specifically  to 
get  you  up  to  speed  on  our  Mini- 
Microcomputer  (MMD-1).  And  you 
don't  need  any  prior  knowledge  of 
digital  electronics! 


Thebestnews?E&L'sMMD-1  costs 
$422.50*  in  kit  form,  including  all 
software  and  teaching  material.  And 
now  it's  available  locally  from  your 
nearest  computer  store.  Stop  in 
today  and  get  the  whole  picture. 
MMD-1.  The  finest  microcomputer 
system  on  the  market. 

*Suggested  resale  price  U.S.A. 
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E&L  INSTRUMENTS,  INC. 

61  First  Street,  Derby,  Conn.  06418 
(203)  735-8774  Telex  No.  96  3536 


Dealer 

inquiries 

invited. 
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QUICKRUN  —  Memory  Resident 
Micromputer  Development  Concept 

The  MICROKIT-8/16  Universal  Micro- 
computer Development  System  is  now  available 
with  QUICKRUN,  an  exclusive  MICROKIT  soft- 
ware system. 
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QUICKRUN  is  a  complete  "in  memory" 
operating  system  for  developing  8080  or  6800 
microcomputer  programs.  It  runs  in  32  kilobytes 
of  memory  and  consists  of  a  Monitor/Debugger, 
Editor  and  Assembler  all  co-resident  in  memory 
along  with  a  source  code  workspace  and  an  ob- 
ject code  work  space.  The  32  K  memory  con- 
figuration provides  enough  space  for  a  1000 
statement  source  program,  a  4  kilobyte  object 
area  and  all  the  system  software. 

The  QUICKRUN  system  for  either  the  8080  or 
6800  microprocessor  is  available  for  delivery  in 
less  than  30  days. 

Price  for  the  MICROKIT-8/16  with 
QUICKRUN  for  either  8080  or  6800,  complete 
with  32  kilobytes  of  memory,  dual  cassette  tapes 
and  ultra  high-speed  CRT  console  is  $5,275.00. 

For  further  information  contact  Microkit,  Inc., 
2180  Colorado  Ave.,  Santa  Monica,  CA  90404- 
(213)  828-8539. 
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1 0,240  bits  of 
core  storage... 


*5<Sfe 


only. 


$195! 


Model  620  Core  Memory  System 


1024  words  x  10  bits 
Access  time  350  nsec 
Full  cycle  1.0  usee 
Reliable,  field  proved 


Single  board,  6.0"  x  6.4" 
on  1.0"  centers 

Compatible  with  wide  range 
of  logic  levels 


g  ip/AXiBimi^TriEifc 
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Non-volatile 

Mating  connector  included 
Technical  manual  included 
Delivery  10  days 

INC. 


5901  South  County  Road  18  •   Minneapolis,  MN  55436  •  (612)935-8811 


Rush  Order  Form 

Model  620  Core  Memory  System,  $195  postpaid  in  continental  USA 

Enclosed  is  my  □  cashier's  check  □  money  order  □  personal  check 


Signature. 


□  BankAmericard  No. 

□  Master  Charge  No: 


Expires. 


Name 


Address 


V  City 


State 


Zip 


Phone 


Wyle  /xP  Series 
Microcomputer  System 

Special  hardware  and  software  features  of  the 
H?  Series  greatly  minimize  time  consuming 
detailed  design  and  programming  commonly 
associated  with  microprocessors. 


Features  of  the  Wyle  ij.P  Series  include:  A 
complete  family  of  CPU,  memory  and  I/O 
modules  on  individual  printed  circuit  boards 
which  interconnect  directly,  with  no  user- 
designed  buffering  required:  Analog  and  digital 
I/O  modules  and  communications  interfaces 
operable  over  the  range  of  0°C  to  70°C;  User 
oriented  front  panel  with  switches  and  lighted 
displays  for  data  input,  monitoring  and  control. 
Available  for  use  in  a  stand-alone  version  or  with 
an  interface  to  the  DEC  PDP-11:  Compatibility 
with  the  Wyle  line  of  printed  circuit  logic  cards, 
power  supplies,  card  files  and  accessories.  User 
designed  logic  can  be  implemented  in  the  same 
card  file  with  the  microcomputer  system. 

For  further  information  contact  Wyle  Com- 
puter Products,  3200  Magruder  Blvd.,  Hampton, 
VA  23666:  (804)  838-0122. 
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Sol  PC  for  Computer  or  Intelligent 
Terminal  Use 

Sol  Terminal  Computer,  the  new  unit  with  all 
memory  and  interface  electronics  including  video 
display,  keyboard  interface,  audio  cassette  inter- 
face, all  necessary  software  plus  the  ability  to  ac- 
cept the  Processor  Technology  line  of  memory 
and  interface  modules  sells  for  $475  in  kit  form. 
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The  Sol  can  be  used  as  a  microcomputer,  low 
cost  CRT  terminal,  and  editing  terminal.  Built 
around  the  8080  microprocessor,  the  Sol  ter- 
minal consists  of  a  PC  assembly  with  the  micro- 
processor, 512  eight-bit  bytes  of  PROM  on  a 
plug-in  personality  module,  2048  eight-bit  words 
of  RAM.  a  1024  character  video  display 
generator,  keyboard  interface,  serial  and  parallel 
interfaces  for  connection  to  external  devices  and 
an  edge  connector  for  memory  expansion.  Op- 
tional extras  include  a  power  supply,  video  moni- 
tor. ASCII  keyboard  and  case.  Other  options  are 
a  floppy  disk  system,  high  speed  papertape 
reader,  PROM  programmer  and  color  graphics 
interface. 

Because  the  Sol  uses  the  8080,  memory  can 
be  expanded  to  65k  bytes.  The  Sol  is  completely 
compatible  with  Imsai,  Altair  and  other  S-100 
bus  computers. 

Delivery  is  stock  to  45  days  after  receipt  of 

order.    For    more    information,    please    address 

Processor     Technology,     6200     Hollis     Street, 

Emeryville,  CA  94608:  Phone  (415)  652-8080. 
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Deal 

Tburself 


in... 

Ailahtic  City,  N.J. 
August  27th-28th 


What  its  all  about! 

Software  Development 

Micro  Computers 

Hardware  Development 

Disc  Memories 

Computer  Comparisons 

Interfacing 

Program  Implementation 

AMSAT 

Computerized  Music 

Video  Terminals 

Kit  Construction 

Printers 

Computer  Games 

Digital  Tapes 


•  Seminars  and  Technical  talks  by  leading  electronic  equipment  manufacturers 

•  Major  Exhibits  from  all  over  the  country 

•  Demonstrations  in  many  areas  including  Home  and  Personal  Computing 

•  Door  Prizes,  Free  Literature  and  Free  Mementos 

•  All  this  plus  Sun  and  Surf  -  Fun  and  Excitement  -  Relaxation  and  Leisure 


c 


Personal 
Computing 

77 


SPECIAL  GROUP  RATES  FOR  CLUBS  AND 
ORGANIZATIONS  TRAVELING  FROM  THE  WEST 
COAST  AND  MID-AMERICA. 


..uiM.m..  Seven  Seas  Travel 

Dawn  Corrigan         17220  S.  Norwalk  Blvd. 
(213)  924-8383        Cerritos.  CA.  90701 


Write    for    FREE    TRIP-KIT  to    PERSONAL  COMPUTING    77, 
Rt    1,    Box    242,    Mays    Landing,    New    Jersey    08330 

Consumer  Trade  Fair 

EXHIBITION    BOOTHS    STILL    AVAILABLE    -    CALL    (609)    653-1188 
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HOPE 


The  most  beautiful  word  in  the  world 

. . .  and  a  Project  to  go  with  it. 


PROJECT 


Dept.  A,  Washington,  D.  C.  20007 


6000  Microcomputer 

A  new  microcomputer  system  has  been  intro- 
duced by  CGRS  MICROTECH,  Southampton,  Pa. 
The  "6000  MICROPUTER"  is  a  new  kind  of 
microcomputer  system  with  unparalleled  flexi- 
bility. It  uses  the  standard  small  computer  bus 
structure  and  offers  a  select  combination  of 
features.  A  simple  LEVEL  I  tutorial  board  can  be 
easily  expanded  into  a  powerful  microcomputer. 
The  MICROPUTER  system  is  set  apart  by  the 
following  two  distinct  features: 

The  LEVEL  I  MICROPUTER  is  a  three-board 
hobbyist  system  consisting  of  the  Static  Control 
Panel,  the  MPU-I  board  and  the  mother-board. 
The  MPU-I  board  contains  the  "6502"  micro- 
processor and  256-byte  static  RAM.  This  combi- 
nation allows  the  user  to  execute  programs,  to 
single-step  through  programs,  and  to  learn  how 
the  microcomputer  works.  The  LEVEL  I 
IVIICROPUTER  provides  the  user  an  inexpensive 
introduction  to  the  microcomputers. 

The  LEVEL  II  MICROPUTER  is  a  basic  micro- 
computer system  consisting  of  the  Static  Control 
Panel,  the  MPU-II  board  and  the  mother-board. 
The  MPU-II  board  contains  the  "6502"  micro- 


processor, the  2K-byte  static  RAM,  room  for  1  K- 
byte  "1702"  type  EROM,  the  slow  memory 
interface  logic,  and  fully  buffered  bus  lines.  The 
LEVEL  II  system  can  be  built  from  the  LEVEL  I 
system  by  simply  adding  the  additional  com- 
ponents. This  system  can  be  used  as  a  base  for  a 
powerful  microcomputer  system. 

The  MICROPUTER  system  are  available  either 
in  kit  form  or  fully  assembled.  The  delivery  is 
within  3  weeks  after  receiving  the  order. 

For  further  information  contact  CGRS 
Microtech,  P.O.  Box  368,  Southhampton,  PA 
18966. 

CIRCLE   INfllllRY   NO.  220 

Altair  BASIC  Expands 
Computing  Features 

Altair  BASIC'S  powerful  features  make  it  the 
most  innovative  and  easy-to-use  microcomputer 
language  available. 

8K  Altair  BASIC  handles  numeric  and  alpha- 
numeric string  data  with  a  full  range  of  arith- 
metic and  string  processing  functions.  The 
cassette  version  allows  data  and  program  files  to 
be  saved  on  cassette  tape.  Assembly  language 
subroutines  are  easily  interfaced  by  byte-oriented 
memory  and  I/O  instructions. 

Extended  Altair  BASIC  adds  a  more  complete 
range  of  arithmetic  and  logical  operations.  It 
provides  a  PRINT  USING  statement  for 
formatted  output,  a  powerful  EDIT  command  for 
program  development  and  debugging  and 
automatic  line  numbering  and  renumbering. 
Extended  statements  and  commands  include:  IF 
. .  .  THEN  .  .  .  ELSE,  LIST  and  DELETE  program 
lines,  SWAP  variables  and  Trace  On  and  Off  for 
debugging. 

Disk  Altair  BASIC  supports  sequential  and 
random  access  disk  files.  File  maintenance 
utilities  are  included  in  the  system. 

For  further  information  contact  MITS.  2450 
Alamo  S.E.,  Albuquerque,  NM  87106, 
CIRCLE  INQUIRY  NO.  221 


SOL-20 

A  complete  computer  featuring  input/output 
devices  and  interfaces,  memory,  software  and 
keyboard  designated  the  Sol-20.  is  said  to  in- 
clude more  standard  attributes  than  any  other 
small  computer  on  the  market  today.  Included  in 
the  package  are  an  8080  microprocessor,  1024 
character  video  display  circuit,  1024  words  of 
static  low-power  RAM,  1024  words  of  prepro- 
grammed PROM  and  a  custom  85-key  solid- 
state  keyboard. 


Other  features  are  an  audio  cassette  interface 
capable  of  controlling  two  recorders  at  1200 
baud,  parallel  and  serial  standardized  interface 
connectors,  a  complete  power  supply  including 
fan  and  a  contemporary  cabinet  with  solid  wal- 
nut sides. 

Software  includes  a  PROM  personality 
module  and  a  cassette  with  BASIC-5  language 
plus  two  sophisticated  computer  video  games. 
The  Sol-20  works  with  all  S-100  bus  products 
including  those  of  Altair,  Imsai  and  Processor 
Technology. 

Heart  of  the  Sol-20,  the  Sol  all  on  one  board 
PC  kit  is  also  available  for  $475. 

For  more  information  and  a  copy  of  our  new 
22  page  catalog,  please  address  Processor  Tech- 
nology Corp.,  6200  Hollis  Street,  Emeryville.  CA 
94608:  Telephone  (415)  652-8080. 
CIRCLE  INQUIRY  NO.  222 
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Prices 
FOB 
St.  Louis 
BankAmericard 

& 
Master/charge 


TTia  Ibii  i  lv*il :  BflT  I :i  ni  r,l 

$525  complete  with  high  resolution  9"  monitor  $400  without- 
Horizontal  cursor  control  and  bell  $50  ■  INCLUDED  FEATURES: 

■  64  characters  by  16  lines 
■Auto  Scrolling 

■  Underline  Cursor 
■RS232C  or  Current  Loop 
■Data  Rates  of  110, 300, 600, 

1200, 2400, 4800, and  9600 
baud  are  jumper  selectable 

■All  oscillators  (horiz.,  vert., 
baud  rate,  and  dot  size  are 
crystal  controlled 

TheACT-1  is  a  complete  tele- 
type replacement  compatible 
with  any  processor  which  supports  a  serial  I/O  port. 
Completely  assembled  and  dynamically  tested. 

JlrfFfa.  VIDEO  TERMINAL  BOARD-  $250-  The  same  circuitry  as  used  in  the 
%>uia   ACT-1  on  a  single  8 1/2*  x  11"  board.  The  VTB  is  assembled,  tested  and 
comes  complete  with  power  supply.  Add  your  own  parallel  data  keyboard  and 

monitor  to  produce  a  complete  serial  I/O  video  terminal.  Available  -  Dec.  1  ■ 


MICRO-TERM  INC.  P.O.  BOX  9387  ST.  LOUIS,  MO.  63117 
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MICROPROCESSOR  BOOKS 


eft 


FROM  OSBORNE  &  ASSOCIATES,  INC. 


Since  we  published  our  first  AN  INTRODUCTION  TO  MICROCOMPUTERS  in  December,  1975,  our  books  on 
microprocessors  have  dominated  this  market  place,  becoming  the  standard  texts  and  reference  books  for  the 
industry.  Sales  of  our  three  current  titles  total  fifteen  thousand  books  per  month  and  we  have  had  more  than 
three  hundred  university  text  adoptions. 

These  are  our  current  texts: 

AN  INTRODUCTION  TO  MICROCOMPUTERS: 
VOLUMES  I  AND  II 

VOLUME  I  —  BASIC  CONCEPTS  takes  you  by  the  hand,  from  elementary  logic  and  simple  binary  arithmetic  through  the  concepts  which  are  shared  by 
all  microcomputers.  It  tells  you  how  to  take  an  idea  that  may  need  a  microcomputer  and  create  a  product  that  uses  one.  This  book  is  complete  —  every 
aspect  of  microcomputers  is  covered:  the  logic  devices  that  constitute  a  microcomputer  system;  communicating  with  external  logic  via  interrupts,  direct 
memory  access,  and  serial  or  parallel  I/O;  microprogramming  and  macroprogramming;  assemblers  and  assembler  directives;  linking  and  relocation  — 
everything  you  need  to  know  if  you  are  going  to  select  or  use  a  microcomputer.  Approximately  400  pages.  Order  publication  number  2001.  Price:  $7.50. 

VOLUME  II  —  SOME  REAL  PRODUCTS  covers  real  microcomputers,  in  considerable  detail.  Every  major  microcomputer:  4-bit,  8-bit  or  16-bit,  is  de- 
scribed, including  some  soon  to  be  announced  products.  Major  chip  slice  products  are  also  covered.  More  than  20  microcomputers  in  all.  Approximately  900 
pages.  Order  publication  number  3001.  Price:  $12.50. 

8080  PROGRAMMING  FOR  LOGIC  DESIGN  AND 
6800  PROGRAMMING  FOR  LOGIC  DESIGN 

These  are  completely  new  books  on  a  totally  new  subject:  implementing  digital  and  combinatorial  logic  using  assembly  language  within  an  8080  or  6800 
microcomputer  system.  What  happens  to  fan-in  and  fan-out?  How  do  you  implement  a  one-shot?  These  books  simulate  well  known  digital  logic  devices 
using  assembly  language;  next  they  show  you  how  to  simulate  an  entire  schematic,  device  by  device,  keeping  the  assembly  language  simulation  as  close  to 
the  digital  logic  as  possible.  But  that  is  the  wrong  way  to  use  a  microcomputer;  these  books  explain  why,  then  show  you  the  correct  way.  These  books  de- 
scribe the  meeting  ground  of  programmer  and  logic  designer;  they  are  written  for  both  readers.  Approximately  300  pages  each.  Order  publication  number 
4001  (8080)  or  5001  (6800).  Price:   $7.50  each. 


For  ordering  and  pricing  information 
please  contact  (or  use  form  below): 

OSBORNE  &  ASSOCIATES,  INC. 

P.O.  Box  2036  •  Berkeley,  California  94702 
•  (415) 548-2805 


Foreign  orders  from  Europe,  Japan,  Western  Canada,  Taiwan  and  Israel  will  be  forwarded  to  the 
local  distributor.  All  other  foreign  orders  should  include  $3.00  airmail,  $0.50  surface  mail  shipping 
charges  per  book. 


r 


BOOK  ORDER  FORM 


> 


J  Check  or  Money  Order  enclosed. 


TITLE 

UNIT  PRICE 

QUANTITY                        ™J  Purchase  Order  enclosed  (we  will  only  invoice  for  orders  over  ten). 

Volume  I — Basic  Concepts  (K2001) 

$7.50  ea. 

_   1  require  information  on  consignments,  discounts  and  for 

Volume  II — Some  Real  Products  (#3001) 

$12.50  ea. 

1 — 1  distributors  outside  the  U.S.A. 

8080  Programming  For  Logic  Design  (#4001) 

$7.50  ea. 

;  J  BankAmericard  No.                                             Exp.  Date 

M6800  Programming  For  Logic  Design  (#5001) 

$7.50  ea. 

J  Master  Charge  No.                                                  Exp.  Date 

Include  appropriate  sales  tax  for  California  residents. 

Signature: 

NAME 

ADDRESS 

CITY,  STATE  and  ZIP 

TELEPHONE 

COMPANY 

In  which  publication  did  you  see  our  ad? 

ncludes  4th  class  mail  delivery  within  the  U.S.  in  3-4  weeks.  For  faster  delivery  include  $1,50  extra  per  book  for  shipping  and  handling.  Shipping  charges  for  bulk  orders 
00  or  more,  retail  value,  to  be  arranged. 
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A  P  makes 
The  Logical 
Connection. 


Your  faster  and  easier 
reach  to  outboard  logic. 


It  was  only  logical  that  the  people  who  build  logic  analyzers  would 
choose  to  clip  onto  DIP's  with  our  IC  Test  Clips.  There's  nothing  faster  and 
easier,  nothing  better. 

And  it  was  only  logical  that  these  same  people  would  ask  for  Great 
Jumpers  —  our  fully  pre-assembled  and  fully  pre-tested  flat  ribbon  cable/ 
connector  assemblies  —  to  make  the  jump  from  outboard  to  on. 

The  Logical  Connection.  Our  name  for  this  exciting  test  clip  jumper 
assembly.  And  your  name  for  the  answer  you've  been  looking  for. 

The  Logical  Connection's  available  in  standard  configurations  from 
our  stocking  distributors.  Or  ask  the  man  from  A  P  to  explain  how  we  can 
make  The  Logical  Connection  for  you. 


Our  distributor  list  is  growing 

daily.  For  the  name  of  the 

distributor  nearest  you  call 

Toil-Free  800-321-9668. 


Send  for  our  complete 

A  P  catalog, 

The  Faster  and  Easier  Book. 


AP  PRODUCTS  INCORPORATED 

Box110-E  Painesville,  OH  44077  (216)354-2101 
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Pattern 


VECTORBORD®  TENTH/TENTH   HOLES  MOUNT: 

DIPS,  SIPS,  KLIPS,  CHIPS 

PINS,  POSTS,  POTS,  PADS      Save  Work  -  Time  -  Money 

RCs,  ICs,  PCs,  SCs 


8800V  MICROPROCESSOR   PLUGBORD 


Pattern 


(Component  Side  with  Added  Sockets) 

Has  100  contacts  on  0.1"  centers,  is  10"  wide  by  5.313" 

high.    Has  heavy  tinned  back-to-back  buses,  overall  0. 1 " 

spaced  0.042"  hole  pattern.  Socketed  models  available. 


WIDE       SELECTION       OF       S 

MICRO-VECTORBORD®  "P"  -  0.042" 
holes  match  DIP  leads.  Epoxy  glass,  or 
glass  composite,  paper,  copper  clad.  Also 
1/64"to1/16"thick  and  10" max.  width. 

VECTORBORD  "H"  -  For  larger  termi- 
nals, leads.  Available  in  epoxy  glass  sheets 
4.8"  to  8.5"  wide  and  8.5"  to  17"  long. 
1/32"  and  1/16"  thick. 


ZES       AND       MATERIALS 

TERMINALS-  Complete  selection  of 
wire  wrappable  and  solderable  push-in 
terminals  for  0.042"and  0.062"  dia.  holes 
—  plus  wiring  tools  available. 

PLUGBORDS  —  For  solder  or  wrap  wire 
construction  2.73"  to  10"  wide  and  4.5" 
to  9,6"  long.  With  holes  .1"x  .1",  ,1"x 
.2",  .2"x  .2",  or  loaded  with  IC  sockets. 


PeelM 


Send  for  complete  literature 

ELECTRONIC  COMPANY,  INC. 

1  2460  Gladstone  Ave.,  Sylmar  CA  91342 
(213)365-9661    -  TWX  (910)  496-1  539 

CIRCLE  INQUIRY  NO.  39 


A  Complete  Computer  System  Board  For 
Only  $325 

The  2650  Computer  System  offers  a  com- 
plete computer  system  on  a  single  circuit  board. 
You  receive:  an  80  character  by  1  6  line  video 
generator,  a  keyboard  interface,  a  300  baud  cas- 
sette interface,  768  bytes  of  user  RAM,  and  a 
powerful  supervisor  program. 


41576 


The  board  comes  completely  assembled  and 
tested  with  a  one-year  guarantee.  The  only 
power  supply  required  is  5v  at  3a.  Other  equip- 
ment that  is  needed  to  get  your  full  system  up  is 
just  a  video  monitor,  an  ASCII  keyboard,  and  an 
audio  cassette  tape  recorder. 

An  assembler/editor  package  is  available,  and 
a  basic  interpreter  will  be  available  shortly.  The 
supervisor  program  provided  allows  alter  or  dis- 
play of  memory,  execution  of  user  programs,  set- 
ting and  learing  of  breakpoints,  inspecting  and 
altering  the  CPU's  registers,  dumping  to  and 
loading  from  tape,  and  verifying  a  tape's  con- 
tents. The  assembler/editor  and  basic  packages 
can  be  purchased  for  $20,  which  includes  a  cas- 
sette tape  and  a  listing. 

The  microprocessor  used  in  the  system  is  the 
Signetics  2650. 

For  further  information  contact  Central  Data 
Company,  P.O.  Box  2484,  Station  A,  Champaign, 
IL  61820. 

CIRCLE   INQUIRY  NO.  223 


Microcomputer  Kits 
For  Personal  Computer  Builders 

Three  kits  are  available,  the  EVK  99,  EVK  100 
and  the  top  of  the  line  EVK  200.  and  a  com- 
pletely assembled  version,  the  EVK  300.  The  top 
of  the  line  EVK  200  is  a  complete  micro- 
computer system  containing  all  necessary  com- 
ponents for  complete  construction,  including  a 
pre-programmed  ROM  for  system  monitor  and 
general  software  utilities.  All  that  are  required  for 
operation  are  a  power  supply  and  suitable  I/O 
devices  (TTY,  CRT  or  modem).  Level  conversion 
circuitry,  baud  rate  generation  and  adjustability 
are  included  on  the  basic  board. 

The  EVK  series  are  inexpensive  high  perform- 
ance systems  that  are  ideal  for  first  time  users  of 
microcomputers.  The  kits,  used  as  evaluation 
boards  by  OEMs  of  processing  and  manu- 
facturing equipment,  can  provide  first  time 
builders  with  not  only  a  personal  computer,  but 
the  opportunity  to  gain  familiarity  with  indi- 
vidual devices  and  recommended  applications 
circuitry. 

The  AMI  EVK  kits  are  packaged  on  10V5"  by 
12"  PC  boards  with  two  86  pin  edge  connectors, 
one  for  the  microprocessing  unit  bus  lines  and 
one  for  I/O.  The  finished  board  thickness  is  about 
%". 

The  central  processor  for  all  is  the  AMI  S6800 
8-bit  chip,  with  an  instruction  execution  time  of  2 
tact  sec  and  memory  access  time  of  575  ns 
maximum.  Memory  in  the  EVK  200  includes  2K 
bytes  of  dedicated  ROM  which  contain  software 
pertinent  to  the  system  monitor,  1024  bytes  of 
RAM,  and  2K  bytes  of  EPROM. 

For  further  information  contact  Mr.  Tom  Edel, 
American  Microsystems,  Inc.,  3800  Homestead 
Road,  Santa  Clara,  CA  95051.  (408)  246-0330. 
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BASIC 

The  handle  for  the  tool. 

A  microcomputer  without  software  is  a  tool 

without  a  handle.  PolyMorphic  systems  BASIC 

is  the  handle  on  the  POLY  88;  this  provides  the 

interface  between  user  and  computer.  Our 

BASIC  fits  the  POLY  88  like  a  finely  balanced 

handle  fits  a  quality  tool.  PolyMorphic  Systems 

Basic  is  an  extremely  efficient  way  to  program. 

It  makes  possible  the  immediate  use  of  the 

POLY  88  for  a  wide  range  of  engineering, 

scientific  and  general  problem  solving.  In 

conjunction  with  either  System  7  or  System  16 

PolyMorphic  Systems  BASIC  is  the  reliable  and 

ready  to  go  microcomputer  tool  on  the  market. 

No  more  waiting  for  the  long-promised 

software  system.  Among  our  best  BASIC 

features:  graphic  plotting  function,  tape  save 

and  dump  with  named  files,  time  function,  and 

self-explanatory  error  messages.  We  believe 

the  best  tool  —  the  POLY  88  —  must  have  the 

best  handle:  PolyMorphic  Systems  BASIC. 


460  Ward  Dr    Santa  Barbara.  CA  931 11    (805)967-2351 


Polymorphic  Systems  11K  BASIC 

Size:  11K  bytes. 

Scientific  Functions:  Sine,  cosine,  log,  exponential,  square  root, 
random  number,  x  to  the  y  power. 

Formatted  Output  •  Multi-line  Function  Definition  •  String 
Manipulation  and  String  Functions  •  Real-Time  Clock  •  Point- 
Plotting  on  Video  Display  •  Array  dimensions  limited  by  memory  • 
Cassette  Save  and  Load  of  Named  Programs  •  Multiple  Statements 
per  Line  •  Renumber  •  Memory  Load  and  Store  •  8080  Input  and 
Output  •  If  Then  Else  •  Input  type  —  ahead 
Commands:  RUN,  LIST,  SCR,  CLEAR,  REN,  CONT 
Statements:  LET,  IF,  THEN,  ELSE,  FOR.  NEXT,  GOTO,  ON.  EXIT, 
STOP,  END,  REM,  READ,  DATA,  RESTORE,  INPUT,  GOSUB, 
RETURN,  PRINT,  FILL,  OUT. 

Built  in  Functions:  FREE,  ABS,  SGN,  INT,  LEN,  CHR$,  VAL,  STRS, 
ASC,  SIN,  COS,  RND,  LOG,  TIME,  WAIT,  EXP,  SORT,  CALL, 
EXAM,  INP,  PLOT. 

Systems  Available.  The  POLY  88  is  available  in  either  the  kit  or 

assembled  form.  It  is  suggested  that  kits  be  attempted  only  by 

persons  familiar  with  digital  circuitry.  The  following  is  a  list  of  the 

systems  available. 

System  1:  is  a  kit  and  consists  of  the  Poly  88  chassis,  CPU  and 

video  circuit  cards  only.  Requires  keyboard  and  TV  monitor  for 

operation.  $595. 

System  2:  Consists  of  System  1  with  the  addition  of  the  cassette 

interface  circuitry-requires  cassette  recorder.  $690. 

System  3:  System  2  with  8K  memory  card,  BASIC  and  assembler 

cassette  tapes.  $990. 

System  4:  Also  a  kit,  but  containing  in  addition  to  System  3  a 

keyboard,  cassette  deck  and  TV  monitor.  $1350. 

System  7:  Consists  of  an  assembled  and  tested  POLY  88  with  8K  of 

memory,  keyboard,  TV  monitor,  cassette  recorder,  8K  BASIC  and 

Assembler  cassette  tapes.  $1750. 

System  16:  Consists  of  an  assembled  and  tested  POLY  88  with  16K 

of  memory,  keyboard,  TV  monitor,  cassette  recorder,  1 1 K  BASIC 

and  Assembler  cassette  tapes.  $1995. 


Super  Starter  System 
TEC  9900-SS 

The  Texas  Instruments  introduces  TMS  9900 
16-bit  Microprocessor.  The  Tl  Chip  has 
Hardware  multiply  and  divide  and  separate  Data 
and  Address  Buses. 


The  Technico  7"  x  1 6"  P-C  Board  has  capacity 
for  2K  Bytes  each  of  RAM.  PROM,  and  E-PROM 
and  includes  a  monitor  and  E-PROM 
programmer  on  Board  as  well  as  an  adjustable 
RS232  or  20  ma  loop.  Provision  is  also  made  for 
programming  in  assembly  language  with  an  On- 
Board  Input  Assembler. 

iO  Boards  and  Memory  Add-On  Boards 
expandable  up  to  65K  Bytes.  Basic  operating 
system  as  low  as  $299  unassembled  and  $399 
assembled. 

For  further  information  contact  Technico,  Inc.. 
9130  Red  Branch  Road,  Columbia,  MD  21045; 
(301)  461-2200  or  1-800-638-2893. 
CIRCLE   INQUIRY   NO.  225 

TPU/1   Data  Processing  System 

The  TPU/1  is  a  powerful  data  processing 
system  that  can  be  tailored  to  fulfill  a  variety  of 
application  needs  at  lowest  possible  cost.  The 
system  is  expandable  up  to  32K  memory  and/or 
almost  infinite  I/O  ports. 


M6800  MPU  is  the  central  processing  unit 
which  controls  the  overall  operation  of  the 
system.  Its  function  includes  carrying  out  the  ex- 
ecution of  software  instructions,  handling  in- 
terrupts, buffering  information  in  its  internal 
registers,  etc.  The  ROM  and  the  RAM  is  the 
memory  portion  of  the  system.  The  ROM  is 
primarily  for  storing  system  software  (the  com- 
puter programs)  while  the  RAM  is  for  storing 
general  data.  The  PIA  (Peripheral  Interface 
Adapter)  provides  channels  between  the  MPU 
and  the  I/O  devices  such  as  Keyboards,  tele- 
types, or  process  controllers. 

For  further  information  contact  Sphere  Cor- 
poration, 940  N.  400  East,  North  Salt  Lake,  UT 
84054;  (801)  292-8466. 

CIRCLE  INQUIRY  NO.  226 

The  Familiarizor 

The  Familiarizor,  an  eight  bit  microcomputer, 
consists  of  a  hexidecimal  keyboard  and  display 
mounted  on  a  single  printed  circuit  board.  With 
the  addition  of  a  power  supply,  it  becomes  a 
complete  simple  to  operate  microcomputer.  The 
unit  is  used  in  conjunction  with  self  teaching 
Hardware  and  Software  manuals  to  give  the 
beginner  practical  low  cost  "Hands-On"  expe- 
rience with  microprocessors. 

At  the  heart  of  the  Familiarizor  is  MOS 
Technology's  6502   microprocessor  which  can 


address  up  to  65K  bytes  of  memory.  On  board 
also  are  1  K  bytes  of  RAM  for  user  programs.  A 
256  byte  monitor  program  is  provided  in  one 
1  702A  PROM.  For  those  who  wish  to  store  their 
own  programs  in  PROM,  provisions  have  been 
made  for  three  additional  1702A's.  The  monitor 
program  and  an  on  board  terminal,  (as  opposed 
to  lights  and  switches,)  make  loading,  running, 
debugging,  and  modifying  programs  easy. 

The  Familiarizor  is  available  in  kit  form  with 
complete  instructions  for  $229.00.  including 
hardware  and  software  manuals,  all  parts,  circuit 
board  and  complete  documentation.  The 
assembled  model  is  available  for  $285.00  Power 
supply  is  optional  at  $58.00. 

For  further  information  contact  EBKA  In- 
dustries, 6920  Melrose  Lane,  Oklahoma  City,  OK 
73127. 

CIRCLE  INQUIRY  NO.  227 

The  Data  Handler 

The  Data  Handler  is  a  complete 
microcomputer  system  on  a  single  printed  circuit 
board  designed  around  the  Mos  Technology 
6502  microprocessor. 

This  complete  microcomputer  system  con- 
tains 1  K  bytes  of  random  access  memory,  one 
eight  bit  parallel  input  port  with  data  latch  and 
interrupt  strobe,  and  one  eight  bit  parallel  output 
port  with  clearable  data  flag. 


The  Data  Handler  contains  a  26  keyboard 
switch  hardware  controlled  front  panel  which  will 
load  data,  examine  data,  perform  single  cycle 
and  single  instruction,  initialize  the  system,  run 
and  halt  the  system  all  in  hexidecimal  format. 

For  further  information  contact  Western  Data 
Systems,  3650  Charles  Street,  Suite  G,  Santa 
Clara,  CA  95050;  (408)  984-7804. 
CIRCLE  INQUIRY  NO.  90 


Super  Jolt 

SUPER  JOLT,  single  board  computer, 
measures  a  mere  4V4"  by  7"  and  contains  the  8  bit 
6502  microprocessor.  1.024  bytes  static  RAM, 
32  bidirectional  and  programmable  I/O  lines,  a  1 
megahertz  crystal  controlled  clock,  an  interval 
timer,  4  interrupts  including  a  timer  interrupt  and 
a  non-maskable  interrupt,  three  serial  inter- 
faces: 20  ma  current  loop.  RS  232  and  TTL,  as 
well  as  5,120  bytes  of  resident  ROM  program 
memory  that  includes  a  complete  single  pass 
Resident  Assembler  Program  called  RAP,  a  resi- 
dent TINY  BASIC  interpretive  language  de- 
signed especially  for  JOLT  systems  and  the 
1,024  byte  DEMON  DEbug  MONitor  program. 

SUPER  JOLT  is  further  supported  by  a  com- 
plete family  of  existing  JOLT  card  modules 
including  4K  RAM.  2K  1702A  PROM,  In- 
put/Output, Power  supply  and  Universal  Card.  A 
five  slot  card  cage  and  an  8080  CPU  card  mo- 
dule substitute  are  also  available.  Soon  to  be  an- 
nounced are  the  A/D,  D/A  card  and  the  cassette 
interface  card. 

Single  unit  pricing  for  the  SUPER  JOLT  card, 
fully  assembled  and  tested  is  $375  without  RAP 
and  TINY  BASIC  ROMs,  and  $575  with  the 
ROMs.  Quantity  discounts  are  also  available. 
Prices  of  other  JOLT  cards,  in  kit  form  begin  as 
low  as  $96. 

For    further    information    contact    Microcom- 
puter  Associates    Inc.,   2589    Scott    Boulevard, 
Santa  Clara.  CA  95050;  (408)  247-8940. 
CIRCLE  INQUIRY  NO.  91 


IAS  IS  Announces  the  First  Computer  in  a 
Book 

lasis  Inc.,  has  combined  an  operational  8080 
based  Microcomputer  system  and  a  250-page 
programming  course  into  a  standard  three  ring 
binder. 

The  ia7301  Computer  in  a  Book  was  de- 
signed to  serve  initially  as  an  instructional  course 
for  hobbyists  and  engineers  who  want  to  be- 
come proficient  in  programming  microcomputer 
systems.  Once  the  user  has  mastered  program- 
ming the  system  he  can  expand  and  adapt  the 
system  to  a  wide  variety  of  applications  for 
industry,  for  business  and  for  the  home.  Com- 
patible expansion  books  and  interface  cards  are 
available  from  lasis  to  increase  the  systems 
memory  from  1  K  bytes  of  RAM  to  64K  bytes  and 
from  2  I/O  ports  to  256  ports.  Other  interface 
cards,  soon  to  be  available,  will  drive  CRT  dis- 
plays, full  keyboards  and  floppy  disks. 


Of  particular  interest  to  the  experimenter  or 
hobbyist  is  the  special  cassette  tape  interface 
built  into  the  Computer  in  a  Book.  The  user  can 
retain  and  store  parts  or  entire  programs  by 
hooking  the  Computer  in  a  Book  up  to  most  any 
home  cassette  tape  recorder.  The  ia7301  Com- 
puter in  a  Book  is  fully  assembled  and  tested.  A 
hexadecimal  conversion  card  and  machine  lan- 
guage coding  pad  are  included  in  the  binder.  The 
ia7301  uses  a  dual  voltage  (  +  5V;  +12V) 
supply:  the  — 5V  is  generated  internally.  All  inter- 
faces are  made  through  the  28  pin  top  edge  con- 
nector. Delivery  is  four  weeks  and  the  complete 
Computer  in  a  Book  sells  for  $450  in  1-5  quan- 
tities. 

For  further  information  contact  815  West 
Maude  Ave..  Sunnyvale,  CA  94086;  (408)  732- 
5700. 

CIRCLE   INQUIRY  NO.  92 


Small,  Pre-assembled  Module 
Aids  Microprocessor  Learning 

Texas  Instruments  Incorporated  today 
announced  a  pre-assembled  microprocessor 
"learning  module"  priced  comparable  to  do-it- 
yourself  kits,  including  a  160-page  instruction 
manual. 


The  entire  module  sells  for  $149.95  (1  to  9 
quantities).  It  was  developed  by  a  team  of  Tl 
microprocessor  experts  and  members  of  the 
academic  community  to  teach  basic  micro- 
programming and  machine  code  concepts  — 
primarily  the  difficult  to  grasp  relationship 
between  software  and  hardware. 

For  further  information  contact  Texas 
Instruments,  Inc.,  P.O.  Box  5012.  Dallas,  TX 
75222. 

CIRCLE  INQUIRY  NO.  93 
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DIGITAL  DATA  RECORDERS 


\ 


USING  3M  DATA 
CARTRIDGES 


MODEL  3M3     $199.95 

(Price  Increases  to  $220.00 
effective  1  April  77) 


2SIO(R)  CONTROLLER     $190.00 


MODEL  3M3  Featuring  the  radically  new  "Uniboard"  method  of  con- 
struction for  data  cartridge  drives.  The  major  computer  makers  are 
changing  to  cartridges  at  a  rapid  pace  because  of  the  freedom  from  binding 
and  greater  data  reliability.  Operates  in  the  phase  encoded  self-clocking 
mode  which  provides  greatly  enhanced  freedom  from  speed  variation 
problems  and  allows  100%  tape  interchangeability  between  units. 

Uses  the  3M  Data  Cartridge,  model  DC  300.  This  cartridge  contains  300 
feet  of  .250  tape  in  a  sealed  plastic  container.  Using  four  tracks  you  can 
record  nearly  2  megabytes  of  data  on  a  cartridge. 

Specifications:  Full  software  control  of  record,  play,  fast  forward  and 
rewind.  LED  indicates  inter-record  gaps.  EOT  and  BOT  are  sensed  and 
automatically  shut  down  recorder.  Feedback  signals  send  reset  and  inter- 
record  gap  signals  back  to  the  computer  so  that  software  searching  for 
inter-record  gaps  at  high  speed  can  be  accomplished.  Can  also  be  operated 
manually  by  means  of  the  switches  on  top  which  parallel  the  software  con- 
trol signals.  $199.95  until  April  1,  77.  $220.00  after  April  1,  77.  Includes  Phase 
Encoder  Board  (ACI). 

For  8080,  8085,  and  7-80  users: 

Comes  complete  with  software  listing  for  the  programs  in  the  2SIO(R) 
ROMs.  Can  be  controlled  by  any  of  the  commonly  used  I/O  boards.  Send 
for  complete  documentation  and  interfacing  instru  3M3  and  2SIO(R) 
($3.00).  These  programs  provide  full  software  control. 


2SIO(R)  CONTROLLER  (Bootstrap  Eliminator) 

This  is  a  complete  8080,  8085,  or  Z80  system  controller.  It  provides  the  ter- 
minal I/O  (RS232,  20  ma.,  or  TTL)  and  the  data  cartridge  I/O,  plus  the  motor 
controlling  parallel  I/O  latches.  One  kilobyte  of  on  board  ROM  provides 
turn  on  and  go  control  of  your  Altair  or  Imsai.  No  more  bootstrapping. 
Loads  and  Dumps  memory  in  Hex  on  the  terminal,  formats  tape  cartridge 
files,  has  word  processing  and  paper  tape  routines.  Best  of  all,  it  has  the 
search  routines  to  locate  files  and  records  by  means  of  six,  five  and  four 
letter  strings.  Just  type  in  the  file  name  and  the  recorder  and  software  do 
the  rest.  Can  be  used  in  the  BiSync  (IBM),  BiPhase  (Phase  Encoded)  or  NRZ 
modes  with  suitable  recorders  and  interfaces. 

$190,  wired  and  tested. 

$160,  Kit  form. 

Audio  Cassette  Interface  (ACI)  This  is  the  phase  encoding  board  used  in 
the  3M3.  Additional  components  on  the  board  enable  you  to  use  audio 
recorders  in  the  KC  standard  or  the  new  PE  2400  (2400  baud)  systems.  Can 
also  be  used  for  Tarbell  if  you  have  an  8251  Intel  I/O  chip.  Required  if  you 
use  an  audio  cassette  with  the  2SIO(R)  above. 

$55,  wired  and  tested. 

$35,  Kit  form. 

For  6800  Users:  Software  programs  and  I/O  board  for  SWTP  are  under 
development.  Limited  software  available  now.  Ask  for  6800  data  with  $3.00 
Documentation  package.  These  programs  will  provide  full  software  control. 

CARTRIDGE  AVAILABILITY:  Cartridges  are  made  by  3M,  ITC,  Wabash  and 
others.  They  are  available  at  all  computer  supply  nouses  and  most  major 
computer  service  centers.  We  can  supply  them  at  normal  current  list  prices. 


"COMPUTER  AID"  and  "UNIBOARD"  are  trademarks  of  the  NATIONAL  MULTIPLEX  CORPORATION.  The  3M  Data  Cartridges  are 
covered  by  3M  Patents  and  Marks.  "UNIBOARD"  Patents  Pending.- 

OVERSEAS:  EXPORT  VERSION  —  220  V  —  50  Hz.  Write  Factory  or:  Megatron,  8011  Putzbrunn,  Munchen,  Germany;  Nippon 
Automation  5-16-7  Shiba,  Minato-Ku,  Tokyo;  Hobby  Data,  FACK  20012  Malmo,  Sweden;  G.  Ashbee,  172  Ifield  Road, 
London  SW  10-9  AG. 

For  U.P.S.  delivery,  add  $3.00.  Overseas  and  air  shipments  charges  collect.  N.J.  Residents  add  5%  Sales  Tax.  WRITE  or  CALL  for  further 
information.  Phone  Orders  on  Master  Charge  and  BankAmericard  accepted. 

NATIONAL  MULTIPLEX  CORPORATION 

3474  Rand  Avenue,  South  Plainfield  NJ  07080,  Box  288,  Phone  (201)  561-3600  TWX  710-997-9530 
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If  you  want  a  microcomputer 
with  all  of  these  standard  features . . . 


•  8080  MPU  (The  one 
with  growing  soft- 
ware support) 

•  1024  Byte  ROM 
(With  maximum  ca- 
pacity of  4K  Bytes) 

•  1024  Byte  RAM 
(With  maximum 
capacity  of  2K 
Bytes) 

•  TTY  Serial  I/O 
•EIA  Serial  I/O 
•3  parallel  l/O's 
•ASCII/Baudot 
terminal  com- 
patibility with  TTY  machines  or  video  units 

•  Monitor  having  load,  dump,  display,  insert 
and  go  functions 


•  Complete  with  card 
connectors 
•  Comprehensive 
User's  Manual,  plus 
Intel  8080  User's 
Manual 
•  Completely 
factory  assembled 
and  tested  — not 
e.kit 

•  Optional  ac- 
cessories: Key- 
board/video 
display,  audio 
cassette  modem 
interface,  power  supply,  ROM  programmer 
and  attractive  cabinetry ...  plus  more  options 
to  follow.  The  HAL  MCEM-8080.  $375 


POLY  88  System  Sixteen 

Completely  integrated  and  functional,  the 
POLY  88  System  Sixteen  comes  with  a  fully 
extended  11K  BASIC  and  all  the  peripherals 
necessary  to  begin  programming. 


.then  let  us  send  you  our  card. 


HAL  Communications  Corp.  has 
been  a  leader  in  digital  communi- 
cations for  over  half  a  decade. 
The  MCEM-8080  microcomputer 
shows  just  how  far  this  leadership 
has  taken  us. ..and  how  far  it 
can  take  you  in  your  applications. 
That's  why  we'd  like  to  send 
you  our  card— one  PC 
board  that  we  feel  is  the 
best-valued,  most  complete 


m 


microcomputer  you  can  buy.  For 
details  on  the  MCEM-8080,  write 
today.  We'll  also  include  compre- 
hensive information  on  the  HAL 
DS-3000  KSR  microprocessor- 
based  terminal,  the  terminal  that 
gives  you  multi-code  compati- 
bility, flexibility  for  future 
changes,  editing,  and  a 
convenient,  large  video 
display  format. 


HAL  Communications  Corp. 

Box  365, 807  E.  Green  Street,  Urbana,  Illinois  61801 

Telephone  (217)  367  7373 


Special  features  of  the  BASIC  include 
graphics,  real  time  clock,  and  tape  save  and  load 
of  named  programs.  The  capabilities  of  the  1 1  K 
BASIC  utilize  important  features  engineered  into 
the  compact  POLY  88  hardware,  such  as 
vectored  interrupt  and  real  time  clock.  The  S100 
compatible  chassis  supports  a  central  processor 
unit,  video  terminal  interface,  Byte/Polyphase 
cassette  interface  mini-card  and  1 6K  RAM.  A  1  K 
monitor  ROM  provides  bootstrap,  debug,  and 
single  step  capability.  The  cassette  recorder, 
keyboard,  and  TV  monitor  provide  quick  and  con- 
venient interaction  between  the  user  and  the 
computer.  Fully  assembled  and  tested,  the 
System  Sixteen  is  at  the  command  of  your 
fingertips  the  moment  it's  unpacked.  $1995. 

For  further  information  contact  PolyMorphic 
Systems,  460  Ward  Drive.  Santa  Barbara.  CA 
93111. 
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fabulous  Phi-Deck  family 
of  5  cassette  transports 

UnCl©r$10Q   in  quantities  of  10 

Featuring: 

•  Die-cast  frames 
■  Remote  controllable 

•  Precise,  fast  head 
engage/disengage 

•  Quick  braking 

•  FF/rewind  120  ips 

•  Speed  ranges  from 
.4  to  20  ips 

Electronic  packages  and  mag  heads  for  most  applications 
For  application  in: 


1. 

Micro  processing 

7. 

Security/automatic  warning 

2. 

Data 

systems 

recording/logging/storage 

8. 

Test  applications 

3. 

Programming 

9. 

Audio  visual/education 

4. 

Instrumentation 

10. 

Telephone  interconnect 

5. 

Industrial  Control 

11. 

Hi-Fi 

6. 

RS232  Data  storage 

12. 

Point  of  sale 

t  -.#"1    THptel   A  Division  of  the  Economy  Co.  ' 

I    4605  N.  Stiles  P.O.  Box  25308 
JLJUJ  Oklahoma  City,  Oklahoma  73125  (405)  521-9000 

□  I  am  interested  in  application  no 

□  Have  Representative  call        □  Send  application  notes 

Name  ■ Title  

Company  Name 

Address 

City 

I     Phone  Number. 


State . 


Zip. 


1702A  MANUAL  EPROM  PROGRAMMER 
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I   ill       M~ 
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Features  hex  keypad,  two 

digit  hex  address  and  two 
digit  hex  data  display.  Con- 
trols include  load,  clear,  go! 
(step),  key/copy,  data  in/ 
data  out,  and  counter  up/ 
down.  Profile  card  includes 
high  voltage  pulse  regulator, 
timing,  8  bit  address  and  8 

bit  data  drivers/receivers.  Two  61/z"  x  9"  stacked  cards  with 
spacers.  Allows  programming  in  20  minutes  —  copying  in 
5  minutes.  Requires  +5,  —9,  and  +80  volts. 

ASSEMBLED    S299.95 

KIT $189.95 

WOW 

The  best  of  two  worlds  .  . .  use  our  1702  EPROM  programmer 
as  a  manual  data/address  entry  programmer  ...  or  connect  it 
to  your  processor. 

IMSAI/ALTAI  R  computer  interface  (requires  3  output  ports, 
+  1  input  port)  and  software    $49.95 

Briefcase  unit  with  power  supplies  and  interface  connectors 
(assembled  and  tested  only)    $599.95 

ANNOUNCING 

Our  NEW  16K  Byte  Pseudo-Static,  IMSAI/ALTAIR  compat- 
ible RAM.  Single  card  slot.  Uses  less  power  than  equivalent 
low  power  RAM.  All  memory  chips  socketed.  Uses  all  prime, 
factory  fresh  ICs.  High  quality,  two-sided,  through-hole- 
plated  circuit  board.  Crystal  controlled,  totally  invisible 
refresh  system  requires  NO  software  management.  Just  plug 
it  in  and  use  like  STATIC  memory. 

Complete  kit $349.95 

Assembled,  tested,  and  burned  in    $549.95 

ASSOCIATED  ELECTRONICS 

12444  Lambert  Circle    •     Garden  Grove,  CA  92641 
(714)  539-0735 
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IF  YOU'RE  STILL  PLAYING  GAMES 
irS   BECAUSE  YOU   HAVEN'T   SEEN 
OUR  SOFTWARE  LIBRARY 


"i 


VOLUME  ONE 

Part  1 

BOOKKEEPING 

Bond 

Building 

Compound 

Cyclic 

Decision  1 

Decision  2 

Depreciation 

Efficient 

Flow 

Installment 

Interest 

Investments 

Mortgage 

Optimize 

Order 

Pert  Tree 

Rate 

Returnl 

Return  2 

Schedule  1 

Part  2 
GAMES 
Animals  Four 
Astronaut 


"+\ 


#,- 


Bio  Cycle 

Cannons 

Checkers 

Craps 

Dogfight 

Golf 

Judy 

Line  Up 

Pony 

Roulette 

Sky  Diver 

Tank 

Teach  Me 
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This  BASIC  SOFTWARE  LIBRARY  is  a  complete  do  it  yourself  kit. 
Written  in  everybodys  BASIC  immediately  executable  in  ANY  computer 
with  at  least  4K,  no  other  peripherals  needed.  Over  1000  pages  of  source 
codes,  descriptions  and  instructions. 

**  Also  available  at  most  computer  stores  ** 

This  library  is  the  most  comprehensive  work  done  of  its  kind  to  date.  There  are 
other  software  books  on  the  market  today  but  they  are  dedicated  to  computer 
games.  The  intention  of  this  work  is  to  allow  the  average  individual  the  capability  to 
easily  perform  useful  and  productive  tasks  with  a  computer.  All  of  the  programs 
contained  within  this  Library  have  been  thoroughly  tested  and  executed  on  several 
systems.  Included  with  each  program  is  a  description  of  the  program,  a  list  of 
potential  users,  instructions  for  execution  and  possible  limitations  that  may  arise 
when  running  it  on  various  systems.  Listed  in  the  limitations  section  is  the  amount 
of  memory  that  is  required  to  store  and  execute  the  program  in  K  Bytes. 

Your  Library  It  Waiting 

The  much  requested  Volumes  III  &  IV  are  ready.  If  you  already  have  Volumes  I 
and  II  you'll  want  to  add  these  to  your  set.  With  the  addition  of  Volume  IV  there  is 
no  reason  why  anyone  who  even  THINKS  of  using  a  computer  can't  own  their  own 
SOFTWARE  LIBRARY.  You  can  start  yours  for  less  than  $10  plus  postage  and 
handling.  These  programs  are  IMMEDIATELY  executable  in  ANY  computer  with  at 
least  4K.  The  entire  Library  is  1000  pages  long,  chocked  Full  of  Program  source 
code,  instructions,  conversions,  memory  requirements,  examples  and  much 
more.  ALL  are  written  in  compatible  BASIC  executable  in  4K  MITS,  SPHERE,  IMS, 
SWTPC,  PDP,  etc.  BASIC  compilers  available  for  8080  &  6800  under  $10 
elsewhere. 

VOLUME  I   &   II   —  $24.95  each 

VOLUME  III  —  $39.95  each 

VOLUME  IV  —  $  9.95  each 

add  $1.50  per  volume  for  postage  and  handling. 

Volume  discounts  are  available  to  qualified  users  &  dealers. 

Personal  checks  —  allow  4  weeks  for  shipping.  Pricing  subject  to  change  without 
notice.  If  air  mail  shipping  desired  add  $3  per  volume  to  price,  Continental  U.S. 
only.  Foreign  orders  add  $8  for  each  volume. 

SCIENTIFIC  RESEARCH 

1712-1     FARMINGTON  COURT 
CROFTON,  MD  21114 


PHONES  ORDERS  CALL 

(800)638-9194 


INFORMATION  and   MARYLAND  RESIDENTS 
CALL  (301)  721-1148 
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COMPAL  80  Microcomputer  System 

The  COMPAL-80  computer  is  a  micro- 
processor based  machine  which  may  be  used  as 
a  high  performance  desk-top  computer;  as  an 
"intelligent  terminal"  within  a  large  time-sharing 
system;  or  as  the  basis  of  an  expanded  system 
for  business  data  processing,  word  processing,  or 
microcomputer  software  development. 


The  basic  machine  includes:  power  supply  and 
S100  motherboard,  8080A  mP,  real  time  clock, 
vectored  interrupt  decoder,  ROM  system 
monitor.  16K  static  RAM,  RS-232  and  current 
loop  serial  I/O  interface,  300/2400  baud 
cassette  interface.  16  lines  x  64  character  video 
display  (full  ASCII  plus  48  x  1  28  graphics  mode), 
capacitance  switch  keyboard,  9"  video  monitor, 
and  beautiful  matching  cabinets.  Total  price, 
assembled  and  tested,  is  $2300. 

For    further    information    contact    Computer 
Power  &  Light,  Inc.,  12321  Ventura  Blvd.,  Studio 
City.  CA  91604;  (213)  760-0405. 
CIRCLE   INQUIRY  NO.  95 


The  OSI  Challenger 

The  OSI  Challenger  is  the  first  fully  assembled 
mainframe  computer  which  is  priced  compet- 
itively with  hobby  kits. 


This  8  slot  table-top  unit  with  UL  approved 
power  supply  comes  equipped  in  its  smallest 
configuration  of  serial  interface,  IK  RAM  and 
PROM  monitor  for  $439.  Video  systems  which 
do  not  require  an  expensive  terminal,  start  at 
$675. 

The  Challenger  is  now  supported  by  thirteen 
accessory  boards  available  bare,  in  kit  form,  and 
fully  assembled.  Challenger  peripherals  now  in- 
clude single  and  dual  drive  floppies,  cassettes,  a 
keyboard,  and  a  video  display  unit.  Software  now 
includes  an  assembler,  a  small  and  a  large 
BASIC,  a  disk  operating  system,  an  extended 
monitor,  several  games,  and  several  real  time 
analog  and  graphics  packages. 

For  further  information  contact  Ohio  Scientific 
Instruments,  11679  Hayden  St.,  Hiram,  OH 
44234;  (216)  569-7945. 

CIRCLE   INQUIRY  NO.   96 

The  Etcetera  System 

The  ETCETERA  System  is  a  microprocessor 
tool  for  hobbyists  and  professionals  interested  in 
exploring  and  utilizing  the  technology  of  LSI 
Microprocessors.  Like  other  commercially 
available  microprocessor  based  systems,  the 
ETCETERA  System  uses  commercially  available 
microprocessor  circuits  from  companies  such  as 
Motorola.  National  Semiconductor.  Intel, 
Fairchild.   Texas    Instrument   and   others  as   its 


central  processing  elements.  What  distinguishes 
ETCETERA  from  other  microprocessor-based 
computers  is  that  it  can  accommodate  a  mix  of 
different  processors  in  a  common  system. 

For  further  information  contact  ElectronicTool 
Co.,  4736  W.  El  Segundo  Bl..  Hawthorne.  CA 
90250;  (213)  644-0113. 

CIRCLE  INQUIRY  NO.  97 


Vector  I  Computer 

Custom  cabinet.  18  slot  Motherboard  S-100 
Bus  with  6  connectors,  power  supply  1  8A,  8V; 
2A.  ±16V,  whisper  fan.  card  supports  and 
guides  for  6  cards,  all  hardware,  wire  and  solder. 
8080  based  CPU  board  with  8  level  vectored 
priority  interrupts,  current  status  register,  real 
time  clock  and  dual  mode. 


PROM/RAM  board  with  1K  RAM,  room  for 
2K  ROM  type  1702A.  512  byte  monitor  for  use 
with  Tarbell  cassette  and  Altair™,  IMSAI,  or  Poly- 
morphic I/O  boards.  The  Vector  1  requires  I/O 
board  and  terminal  or  video  board,  keyboard  and 
monitor. 

Price  information:  Vector  1  —  kit  $619, 
assembled  $849;  Vector  1  without  PROM/RAM 
—  kit  $519,  assembled  $719;  Vector  1  without 
CPU  —  kit  $499,  assembled  $699;  Vector  1 
without  CPU  and  PROM/RAM  —  kit  $349, 
assembled  $499. 

For  further  information  contact  Vector 
Graphics  Inc.",  717  Lakefield  Rd.,  Suite  F, 
Westlake  Village,  CA  91361;  (805)  497-0733. 
CIRCLE  INQUIRY  NO.  98 


Z  80  Piggy  Back  Card 

Z80  power  for  the  S- 1 00  BUS  without  getting 
rid  of  your  CPU  card.  Dutronics,  a  leader  in  low 
cost,  low  power  RAM  boards  has  just  announced 
its  Z80-80  piggy  back  card.  This  plug-in  board 
enables  you  to  use  your  existing  IMSAI,  ALTAIR, 
BYTE  CPU  card  and  upgrade  your  system  to  a 
Z80. 


The  card  design  is  such  that  all  you  do  is  pull 
out  your  8080  and  82 1 2  chips,  plug  in  the  board 
to  the  8080  socket  itself  and  the  ribbon  cable  to 
the  8212. 

A  system  monitor,  on  paper  tape,  is  included 
with  the  board  as  well  as  a  Z80  manual  and 
theory  of  operation.  Dutronics  will  also  supply  all 
additional  software  at  no  cost,  when  it  becomes 
available. 

The  price  is  $1 59.95  (assembled)  only,  off  the 
shelf. 

For  further  information  contact  R.H.S. 
Marketing,  2233  El  Camino  Real,  Palo  Alto,  CA 
94306;  (415)  321-6639. 
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The  Compucolor  8001 

Is  Also  Available 

Through  The 

Following 

Authorized 

Distributors 

Phoenix  Byte  Shop  West 

12654  North  28th  Drive 

Phoenix,  Arizona  85029 

Alan  P.  Hald 

(602)942-7300 

Tempe  Byte  Shop  East 

813N.ScottsdaleRd. 

Tempe.  Arizona  85282 

Alan  P.  Hald 

(602)894-1129 

Amco  Electronics 

414  South  Bascom  Ave. 

San  Jose,  Ca.  95128 

Daniel  Judd 

(408)998-2828 

Computer  Components 

5848  Sepulveda  Blvd. 
Van  Nuvs.  Ca.  9141 1 

Dick  Dickinson 

(213)786-7411 

The  Computer  Store 

63  South  iVLain  Street 

Windsor  Locks,  Conn.  0609C 

George  Gilpatrick 

(203)627-0188 

Sunny  Computer  Stores,  Inc. 

University  Shopping  Center 

1238A  S.  Dixie  Highway 

Coral  Gables.  Fla.  33146 

Bill  Miller 

(305)661-6042 

Microcomputer  Systems,  Inc. 

144  So.  Dale  Mabry  Highway 

Tampa.  Fla.  33609 

Forrest  K.  Hurst 

(813)879-4301 

Atlanta  Computer  Mart 

5091-B  Buford  Highway 

Atlanta.  Ga.  30340  ' 

Jim  Oxford 

(404)455-0647 

The  Computer  Mart  of  New  Jersev 

501  Route  27 

Iselin,  N.J.  08830 

Larrv  Stein 

(201)283-0600 

Byte  Shop 

2018  Greene  St. 

Columbia.  S.C.  29205 

Nick  Johnson 

(803)771-7824 

The  Communications  Center 

7231  Fondren 

Houston,  Texas  77036 

Bill  Tatroe 

(713)774-9526 

The  Micro  Store 

634  S.  Central  Expressway 

Richardson.  Texas  75080 

David  Wilson 

(214)231-1096 

Or  Contact  Us  Direct 

5965  Peachtree  Corners  East 
Norcross,  Georgia  30071 
Telephone  (404)  449-5961 
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The  Compucolor  8001  System, 

It's  A  Stand  Alone  Micro  Computer  With 
Color  Input/Output  Capabilities  All  In  One  Package. 

For  Only  $2995. 

If  you're  looking  for  an  input  device,  an  output  device  and  a  micro 

computer  all  in  one  package,  you've  found  it.  The  Compucolor  8001. 

It's  here  now,  in  color,  on  sale  for  only  $2995. 


We  gave  it 
a  memory 
of  its  own. 

And  Floppy  Tape  Memory 
is  just  for  starters.  Look 
at  these  other  features. 
BASIC  Language,  8080  CPU, 
8  color  CRT  Terminal,  8K 
RAM  Workspace,  Selectable 
Baud  Rate  to  9600,  Two  RS 
232  I/O's,  Keyboard  with  16 
Function  Keys,  Background 
Color,  Lower  Case  ASCII 
Characters,  Roll,  Insert/Delete, 
48  Line  X  80  Characters/Line, 
2X  Character  Height,  thorough 
operating  instructions  and  a 
Graphics  Mode  with  160  X  192 
Elements.  And  our  unique  Nine 
Sector  Convergence  System 
guarantees  you  quick  set-up, 
exceptional  stability  and  out- 
standing color  registration  in  three 
to  five  minutes.  If  you  can  find  a 
better  buy  in  a  color  Intelligent  CRT 
and  Micro  Computer  system,  let  us 


know.  We  think  we've  got  the  best 
of  both  worlds  at  the  best  price 
going.  And  we  want  to  prove  it  to 
you. 

Name  your  game. 

After  all,  you'll  have  your  very 
own  personal  computer  right  at  your 
fingertips.  For  the  most  simple  or 
complex  tasks.  Or  just  plain  fun. 
The  applications  are  unlimited. 
Color  graphics  and  computations, 
check  book  balancing,  educational 
instruction,  tutoring  and  a  unique 
variety  of  computer  games.  Like 


Star  Trek  and  Hangman  and 
Pong.  Y)u  can  even  sit  back  and 
enjoy  a  game  of  chess.  Like  we 
said,  the  applications  are 
unlimited. 

How  about  a  little 
demonstration? 

%u'll  find  a  list  of  our 
distributors  at  the  bottom  of  the 
page.  So  drop  by  and  ask  for  a 
demonstration.  Get  some 
answers  to  your  questions. 
And  if  you  aren't  near  one 
of  our  distributors,  give  us  a  call. 
We've  got  the  answers.  The 
Compucolor  8001.  %u  won't  find  a 
better  buy  in  a  color  CRT  Terminal 
and  Micro  Computer. 


Compucolor  Corporation 

A  subsidiary  of 
Intelligent  Systems  Corp.  ® 

5965  Peachtree  Corners  East 
Norcross,  Georgia  30071 
Telephone  (404)449-5961 


CALIFORNIA 

Byte  Shop 

155  Blossom  Hill  Rd. 

San  Jose,  Ca.  95123 

Larry  Grihalva 

(408)  226-8383 

Computer  Store 

1093  Mission  St. 

San  Francisco,  Ca.  94103 

Al  Chern 

(415)431-0640 


CALIFORNIA 

The  Computer  Center 

8205  Ronson  Rd. 

San  Diego,  Ca.  92111 

Ron  Eate 

(714)  292-5302 

The  Computer  Mart 
of  Los  Angeles 

625  W.  Karelia  No.  10 

Orange,  Ca.  92667 

George  Tate 

(714)  633-1222 


GEORGIA 

The  Computer  Systems 

Center 

3330  Piedmont  Rd.,  NE 

Atlanta,  Ga.  30305 

Jim  Dunion 

(404)231-1691 

ILLINOIS 

Itty  Bitty  Machine 

1316  Chicago  Ave. 

Evanston,  III.  60201 

Jim  Bannish 

(312)328-6800 


INDIANA 

Home  Computer  Shop 

10447  Chris  Dr. 

Indianapolis,  Ind.  46229 

fames  B.  Baughn 

"(317)894-3319 

MASSACHUSETTS 

The  Computer  Store 

120  Cambridge  St. 

Burlington,  Mass.  01803 

Sid  Halligan 

(617)  272-8770 


WASHINGTON 

Retail  Computer  Store 

410  N.E.  72nd  Street 

Seattle,  Wash.  98115 

Tim  Broom 

(206)  524-4101 

Or  Contact  Us  Direct 

5965  Peachtree  Corners  Easr 
Norcross,  Georgia  30071 
Telephone  (404)  449-5961 


Z-80  CPU  Kit  For  Under  $150 

A  Z-80  based  CPU  kit  completely  compatible 
for  use  in  Altair  or  Imsai  8080  microcomputers. 
The  board  completely  replaces  existing  8080 
based  CPU's. 


Special  features  include  stops  in  M-1  state,  on 
board  sync  generation,  special  buss  bar  power 
distribution  scheme  for  superior  low  noise  per- 
formance. All  this  in  addition  to  the  standard 
advantages  gained  when  using  the  Z-80  MPU. 
This  advanced  circuitry  is  standard  as  with  all 
products  offered  by  S.D.  The  CPU  board  is  in  kit 


form  and  includes  all  sockets,  plated  through  P. 
C.  board,  and  excellent  quality  components. 

For  further  information  contact  S.  D.  Sales, 
P.O.  Box  28810-E,  Dallas,  TX  75228;  Phone 
(800)  527-3460. 
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System  68  Microcomputer 

A  6800  based  microcomputer  system  will  be 
introduced  at  Electro  '77  by  Wintek.  The  system 
consists  of  a  Wince  Bus  back  plane  with  sockets 
for  any  8  WINCE  Micro  Modules  (Control,  RAM, 
ROM,  I/O,  etc.),  cassette  interface  for  high  speed 
load  and  dump  with  any  audio  cassette,  power 
supply,  front  panel  and  cabinet. 

Prices  start  at  $595.  depending  on  con- 
figuration. A  complete  resident  software  package 
consisting  of  a  monitor/diagnostic  with  single 
step  capability,  editor,  assembler,  basic,  etc.  is 
also  available. 

For  further  information  contact  Wintek  Corp., 
902  N.  9th  St.,  Lafayette,  IN  47904. 
CIRCLE   INQUIRY  NO.  229 


C-MOD  Z80  CPU  Board 

A  4.5  x  6.5  CPU  board  is  available  from  Mini 
Micro  Mart  using  the  industry  standard  dual  22 
1  56  center  edge  connector.  The  board  has  gold 
fingers,  is  on  epoxy-glass  with  plated-thru  holes. 
It  can  be  used  to  update  a  Microsystems  Inter- 
national MOD  8  (8008)  system,  or  MOD  80 
(8080)  system,  or  a  C-MOD  80  system.  It  is  ideal 
for  an  individual  who  wishes  to  construct  a  home 
brew  Z80  system.  All  inputs,  outputs  and  ad- 
dress lines  are  fully  buffered.  A  crystal  clock  at  2> 
mhz  is  normally  supplied,  but  other  frequencies 
are  available  on  special  order. 

In  addition  to  the  CPU  and  crystal  oscillator, 
the  board  provides  for  adding  a  PROM  or  ROM 
with  the  necessary  address  decoding  for  the 
device.  The  foil  pattern  provides  for  the  use  of 
either  a  2708/2704  E-PROM  or  an  831  6B  type 
ROM.  "Kluge"  area  is  provided  on  the  board  for 
user  circuitry.  Power  up  auto-restart  is  provided, 
as  well  as  provisions  for  manual  control.  The  kit 
comes  complete  with  all  TTL  resistors,  capaci- 
tors, and  a  Z80  CPU.  The  price  is  $139.95.  A 
Z80  manual  is  included. 

For  further  information  contact  Mini  Micro 
Mart,  1618  James  St.,  Syracuse,  NY  13203; 
(315)  422-4467. 
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Peripherals 


Power-Fail/Auto-Restart/ 
Real-Time  Clock 

This  multi-function  board  occupies  a  single 
ALTAIR™  compatible  bus  slot.  It  includes  auto- 
power  on  jump  and  power-fail  interrupt. 

Line-Frequency  Real-Time  Clock:  The  M705 
includes  a  line-frequency  real-time  clock  which 
may  be  used  to  generate  interrupts  60  or  120 
times  per  second.  The  clock  interrupt  can  be 
enabled  or  disabled  under  software  control  and 
fully  documented  software  routines  are  provided 
to  keep  a  software  clock,  and  to  display  time  and 
date  information  on  a  video  display  if  desired. 

Delivery  of  the  M705  will  begin  March  1. 
Price  is  $89.95  kit.  $99.95  assembled  and 
tested.  Premium  quality  PC  board,  double-sided, 
plated-thru,  gold-plated  contacts.  All  ICs 
socketed. 

For  further  information  contact  MicroLogic, 
P.O.  Box  55484,  Indianapolis.  IN  46220. 
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OEM-Type  Keyboard 

The  G.R.I.  Model  753  keyboard  is  a  new, 
guaranteed.  OEM-type  keyboard  providing  ASCII 
encoding  for  53  keys  in  the  familiar  teletype  for- 
mat. 
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753's  versatility  is  the  unique  interface,  which 
allows  user  selection  of  data  and  strobe  sense, 
parity  inversion,  upper-case  lock,  and  access  to 
three  user-definable  keys  for  custom  keycode  or 
function  assignment. 

The  Model  753  is  available  in  either  kit  or 
assembled  form,  and  comes  with  full  docu- 
mentation. Estimated  construction  time  is  two 
hours. 

Model  2-753-101-4  (assembled),  $59.95; 
Model  2-753-1 -1-4K  (kit),  $54.95.  Delivery 
from  stock. 

For  further  information  contact  George  Risk 
Industries  Inc.,  GRI  Plaza,  Kimball,  NE  69145.  or 
phone  (308)  235-4645. 
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HAL  MCEM-KB/VDU 

The  HAL  Keyboard/Visual  Display  Unit  is 
designed  for  use  with  the  MCEM-8080  Micro- 
computer by  HAL.  It  allows  keyboard  input  and 
video  display  without  using  the  I/O  ports  of  the 
microcomputer.  The  KB/VDU  is  a  single  circuit 
board  the  same  size  as  the  MCEM-8080  board. 
It  attaches  to  the  MCEM-8080  bus  via  a  40-pin 
connector. 
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The  KBM  keyswitches  and  quality  glass-epoxy 
printed  circuit  board  assure  mechanical 
ruggedness  and  ease  of  mounting.  The  key  to  the 
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The  keyboard  is  arranged  in  a  standard  52- 
key,  upper  case  ASCII  format.  Video  output  is 
1 .0  V.  p-p,  with  a  1 6  line  by  64  character  per  line 
format.  With  minor  modification,  a  TV  set  can  be 
used  as  a  monitor. 

Useful  subroutines  in  the  KB/VDU  PROM  in- 


clude a  memory  test  routine,  a  Model  33 
emulator  routine,  and  others.  The  KB/VDU  can 
be  used  as  the  console  device  for  the  MCEM- 
8080  or  the  entire  system  can  be  used  as  a 
Baudot  or  ASCII  communications  terminal. 
Price  is  $300.00.  assembled. 

For  further  information  contact  HAL  Com- 
munications Corp.,  Box  365,  Urbana.  IL  61801; 
(217)  367-7373. 
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New  Acoustic  Coupler  from  Ml2 

Design  76/4  acoustic  couplers  are  designed 
to  provide  the  maximum  degree  of  data  trans- 
mission reliability  at  data  speeds  up  to  and  in- 
cluding 300  baud  over  even  marginal  quality 
telephone  routes. 


Four  different  models  offer  the  customer  a 
variety  of  features  and  functions  to  meet  specific 
application  requirements.  As  an  example,  Design 
76/4  acoustic  couplers  are  available  as  either 
originate  only  or  originate  and  answer  models. 
The  Design  76/4  is  also  available  with  an  option 
that  allows  the  coupler  to  be  used  as  a  direct 
access  data  set  when  used  in  conjunction  with  a 
manual  data  access  arrangement  (CDT). 

For    further    information    contact    Ml'2    Cor- 
poration,   1212    Kinnear    Road.   Columbus,   OH 
43212;  (614)  481-8131;  Telex  245-359. 
CIRCLE  INQUIRY   NO.  234 


64B   INTERFACE  AGE 


MARCH  1977 


The  Compucolor  8001  System. 

It's  A  Stand  Alone  Micro  Computer  Tilth 
Color  Input/Output  Capabilities  All  In  One  Package. 

For  Only  $2995. 

If  you're  looking  for  an  input  device,  an  output  device  and  a  micro 

computer  all  in  one  package,  you've  found  it.  The  Compucolor  8001. 

It's  here  now,  in  color,  on  sale  for  only  $2995. 


We  gave  it 
a  memory 
of  its  own. 

And  Floppy  Tape  Memory 
is  just  for  starters.  Look 
at  these  other  features. 
BASIC  Language,  8080  CPU, 
8  color  CRT  Terminal,  8K 
RAM  Workspace,  Selectable 
Baud  Rate  to  9600,  Two  RS 
232  I/O's,  Keyboard  with  16 
Function  Keys,  Background 
Color,  Lower  Case  ASCII 
Characters,  Roll,  Insert/Delete, 
48  Line  X  80  Characters/Line, 
2X  Character  Height,  thorough 
operating  instructions  and  a 
Graphics  Mode  with  160  X  192 
Elements.  And  our  unique  Nine 
Sector  Convergence  System 
guarantees  you  quick  set-up, 
exceptional  stability  and  out- 
standing color  registration  in  three 
to  five  minutes.  If  you  can  find  a 
better  buy  in  a  color  Intelligent  CRT 
and  Micro  Computer  system,  let  us 


know.  We  think  we've  got  the  best 
of  both  worlds  at  the  best  price 
going.  And  we  want  to  prove  it  to 
you. 

Name  your  game. 

After  all,  you'll  have  your  very 
own  personal  computer  right  at  your 
fingertips.  For  the  most  simple  or 
complex  tasks.  Or  just  plain  fun. 
The  applications  are  unlimited. 
Color  graphics  and  computations, 
check  book  balancing,  educational 
instruction,  tutoring  and  a  unique 
variety  of  computer  games.  Like 


Star  Trek  and  Hangman  and 
Pong,  "feu  can  even  sit  back  and 
enjoy  a  game  of  chess.  Like  we 
said,  the  applications  are 
unlimited. 

How  about  a  little 
demonstration? 

"Vou'll  find  a  list  of  our 
distributors  at  the  bottom  of  the 
page .  So  drop  by  and  ask  for  a 
demonstration.  Get  some 
answers  to  your  questions. 
And  if  you  aren't  near  one 
of  our  distributors,  give  us  a  call. 
We've  got  the  answers.  The 
Compucolor  8001.  "Vou  won't  find  a 
better  buy  in  a  color  CRT  Terminal 
and  Micro  Computer. 


Compucolor  Corporation 

A  subsidiary  of 
Intelligent  Systems  Corp.  ® 

5965  Peachtree  Corners  East 
Norcross,  Georgia  30071 
Telephone  (404)  449-5961 


CALIFORNIA 

Byte  Shop 

155  Blossom  Hill  Rd. 

San  Jose,  Ca.  95123 

Larry  Grihalva 

(408)  226-8383 

Computer  Store 

1093  Mission  St. 

San  Francisco,  Ca.  94103 

Al  Chern 

(415)431-0640 


CALIFORNIA 

The  Computer  Center 

8205  Ronson  Rd. 

San  Diego,  Ca.  92111 

Ron  Eate 

(714)292-5302 

The  Computer  Mart 

of  Los  Angeles 

625  W.  Katella  No.  10 

Orange,  Ca.  92667 

George  Tate 

(714)633-1222 


GEORGIA 

The  Computer  Systems 

Center 

3330  Piedmont  Rd.,  NE 

Atlanta,  Ga.  30305 

Jim  Dunion 

(404)231-1691 

ILLINOIS 

Itty  Bitty  Machine 

1316  Chicago  Ave. 

Evanston,  111.  60201 

Jim  Bannish 

(312)328-6800 


INDIANA 

Home  Computer  Shop 

10447  Chris  Dr. 

Indianapolis,  Ind.  46229 

James  B.  Baughn 

(317)894-3319 

MASSACHUSETTS 

The  Computer  Store 

120  Cambridge  St. 

Burlington,  Mass.  01803 

Sid  Halligan 

(617)  272-8770 


WASHINGTON 

Retail  Computer  Store 

410  N.E.  72nd  Street 

Seattle,  Wash.  98115 

Tim  Broom 

(206)524-4101 

Or  Contact  Us  Direct 

5965  Peachtree  Corners  East 
Norcross,  Georgia  30071 
Telephone  (404)  449-5961 


Z-80  CPU  Kit  For  Under  $150 

A  Z-80  based  CPU  kit  completely  compatible 
for  use  in  Altair  or  Imsai  8080  microcomputers. 
The  board  completely  replaces  existing  8080 
based  CPU's. 


Special  features  include  stops  in  M-1  state,  on 
board  sync  generation,  special  buss  bar  power 
distribution  scheme  for  superior  low  noise  per- 
formance. All  this  in  addition  to  the  standard 
advantages  gained  when  using  the  Z-80  MPU. 
This  advanced  circuitry  is  standard  as  with  all 
products  offered  by  S.D.  The  CPU  board  is  in  kit 


form  and  includes  all  sockets,  plated  through  P. 
C.  board,  and  excellent  quality  components. 

For  further  information  contact  S.  D.  Sales, 
P.O.  Box  28810-E,  Dallas,  TX  75228;  Phone 
(800)  527-3460. 
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System  68  Microcomputer 

A  6800  based  microcomputer  system  will  be 
introduced  at  Electro  '77  by  Wintek.  The  system 
consists  of  a  Wince  Bus  back  plane  with  sockets 
for  any  8  WINCE  Micro  Modules  (Control,  RAM, 
ROM,  I/O,  etc.),  cassette  interface  for  high  speed 
load  and  dump  with  any  audio  cassette,  power 
supply,  front  panel  and  cabinet. 

Prices  start  at  $595,  depending  on  con- 
figuration. A  complete  resident  software  package 
consisting  of  a  monitor/diagnostic  with  single 
step  capability,  editor,  assembler,  basic,  etc.  is 
also  available. 

For  further  information  contact  Wintek  Corp., 
902  N.  9th  St.,  Lafayette,  IN  47904. 
CIRCLE  INQUIRY  NO.  229 


C-MOD  Z80  CPU  Board 

A  4.5  x  6.5  CPU  board  is  available  from  Mini 
Micro  Mart  using  the  industry  standard  dual  22 
1  56  center  edge  connector.  The  board  has  gold 
fingers,  is  on  epoxy-glass  with  plated-thru  holes. 
It  can  be  used  to  update  a  Microsystems  Inter- 
national MOD  8  (8008)  system,  or  MOD  80 
(8080)  system,  or  a  C-MOD  80  system.  It  is  ideal 
for  an  individual  who  wishes  to  construct  a  home 
brew  Z80  system.  All  inputs,  outputs  and  ad- 
dress lines  are  fully  buffered.  A  crystal  clock  at  2> 
mhz  is  normally  supplied,  but  other  frequencies 
are  available  on  special  order. 

In  addition  to  the  CPU  and  crystal  oscillator, 
the  board  provides  for  adding  a  PROM  or  ROM 
with  the  necessary  address  decoding  for  the 
device.  The  foil  pattern  provides  for  the  use  of 
either  a  2708/2704  E-PROM  or  an  831  6B  type 
ROM.  "Kluge"  area  is  provided  on  the  board  for 
user  circuitry.  Power  up  auto-restart  is  provided, 
as  well  as  provisions  for  manual  control.  The  kit 
comes  complete  with  all  TTL  resistors,  capaci- 
tors, and  a  Z80  CPU.  The  price  is  S1 39.95.  A 
Z80  manual  is  included. 

For  further  information  contact  Mini  Micro 
Mart,  1618  James  St..  Syracuse.  NY  13203; 
(315)  422-4467. 
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Peripherals 


Power-Fail/ Auto-Restart/ 
Real-Time  Clock 

This  multi-function  board  occupies  a  single 
ALTAIR"  compatible  bus  slot.  It  includes  auto- 
power  on  jump  and  power-fail  interrupt. 

Line-Frequency  Real-Time  Clock:  The  M705 
includes  a  line-frequency  real-time  clock  which 
may  be  used  to  generate  interrupts  60  or  120 
times  per  second.  The  clock  interrupt  can  be 
enabled  or  disabled  under  software  control  and 
fully  documented  software  routines  are  provided 
to  keep  a  software  clock,  and  to  display  time  and 
date  information  on  a  video  display  if  desired. 

Delivery  of  the  M705  will  begin  March  1. 
Price  is  $89.95  kit,  $99.95  assembled  and 
tested.  Premium  quality  PC  board,  double-sided, 
plated-thru,  gold-plated  contacts.  All  ICs 
socketed. 

For   further   information   contact   MicroLogic. 
P.O.  Box  55484,  Indianapolis.  IN  46220. 
CIRCLE  INQUIRY  NO.  231 


OEM-Type  Keyboard 

The  G.R.I.  Model  753  keyboard  is  a  new, 
guaranteed,  OEM-type  keyboard  providing  ASCII 
encoding  for  53  keys  in  the  familiar  teletype  for- 
mat. 
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753's  versatility  is  the  unique  interface,  which 
allows  user  selection  of  data  and  strobe  sense, 
parity  inversion,  upper-case  lock,  and  access  to 
three  user-definable  keys  for  custom  keycode  or 
function  assignment. 

The  Model  753  is  available  in  either  kit  or 
assembled  form,  and  comes  with  full  docu- 
mentation. Estimated  construction  time  is  two 
hours. 

Model  2-753-101-4  (assembled).  $59.95; 
Model  2-753-1-1-4K  (kit),  $54.95.  Delivery 
from  stock. 

For  further  information  contact  George  Risk 
Industries  Inc.,  GRI  Plaza.  Kimball.  NE  69145,  or 
phone  (308)  235-4645. 
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HAL  MCEM-KB/VDU 

The  HAL  Keyboard/Visual  Display  Unit  is 
designed  for  use  with  the  MCEM-8080  Micro- 
computer by  HAL.  It  allows  keyboard  input  and 
video  display  without  using  the  I/O  ports  of  the 
microcomputer.  The  KB/VDU  is  a  single  circuit 
board  the  same  size  as  the  MCEM-8080  board. 
It  attaches  to  the  MCEM-8080  bus  via  a  40-pin 
connector. 
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The  KBM  keyswitches  and  quality  glass-epoxy 
printed  circuit  board  assure  mechanical 
ruggedness  and  ease  of  mounting.  The  key  to  the 


The  keyboard  is  arranged  in  a  standard  52- 
key,  upper  case  ASCII  format.  Video  output  is 
1 .0  V.  p-p,  with  a  1 6  line  by  64  character  per  line 
format.  With  minor  modification,  a  TV  set  can  be 
used  as  a  monitor. 

Useful  subroutines  in  the  KB/VDU  PROM  in- 


clude a  memory  test  routine,  a  Model  33 
emulator  routine,  and  others.  The  KB/VDU  can 
be  used  as  the  console  device  for  the  MCEM- 
8080  or  the  entire  system  can  be  used  as  a 
Baudot  or  ASCII  communications  terminal. 
Price  is  $300.00.  assembled. 

For  further  information  contact  HAL  Com- 
munications Corp.,  Box  365,  Urbana,  IL  61  801 ; 
(217)  367-7373. 
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New  Acoustic  Coupler  from  Ml2 

Design  76/4  acoustic  couplers  are  designed 
to  provide  the  maximum  degree  of  data  trans- 
mission reliability  at  data  speeds  up  to  and  in- 
cluding 300  baud  over  even  marginal  quality 
telephone  routes. 


Four  different  models  offer  the  customer  a 
variety  of  features  and  functions  to  meet  specific 
application  requirements.  As  an  example,  Design 
76/4  acoustic  couplers  are  available  as  either 
originate  only  or  originate  and  answer  models. 
The  Design  76/4  is  also  available  with  an  option 
that  allows  the  coupler  to  be  used  as  a  direct 
access  data  set  when  used  in  conjunction  with  a 
manual  data  access  arrangement  (CDT). 

For    further    information    contact     Ml2    Cor- 
poration,   1212    Kinnear   Road.   Columbus,  OH 
43212;  (614)  481-8131;  Telex  245-359. 
CIRCLE  INQUIRY  NO.  234 


64B   INTERFACE  AGE 


MARCH  1977 


Design  100  Data  Sets  by  Ml2 

The  Design  100  Data  Set  is  a  0  to  300  baud, 
direct  access,  originate  and  automatic  answer 
data  set  designed  to  interface  input/output 
devices  to  both  the  TWX  data  network  and  to  the 
DDD  switched  telephone  dial-up  network. 


Remote  Control  Head  for  locating  adjacent  to 
EIA  type  input-output  devices. 

Remote  Teletype  Panel  for  mounting  in  the 
popular  Model  33  Teletype*. 

Design  100  electronics  package  for  mounting 
within  or  on  the  side  of  the  printer  stand  or  desk. 

For  further  information  contact  Ml2  Cor- 
poration. 1212  Kinnear  Road,  Columbus,  OH 
43212;  (614)  481-8131. 
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Kimsi     Kit 

Our  new  kit  (also  available  assembled)  is  an 
eight  slot  Imsai/Altair  type  mother  board  which 
attaches  to  MOS  Technology's  KIM-1  com- 
puter. Our  Kimsi  board  contains  all  the  interface 
circuitry  as  well  as  the  eight  slot  S-100  bus  con- 
nector area  and  attaches  to  any  unmodified  KIM 
thru  its  44-pin  expansion  connector.  Kimsi 
makes  any  Imsai/Altair  type  board  plug-in  com- 
patible with  KIM!  KIM  owners  can  now  take  ad- 
vantage of  the  inexpensive  S-100  bus  memory 


boards  as  well  as  video  drivers.  I/O  cards,  tape 
and  disk  controllers,  etc..  which  are  not  available 
for  KIM.  Kimsi  also  has  many  built  in  features 
including  power  regulation  for  KIM  and  DMA 
facilities. 

For  further  information  contact  Forethought, 
P.O.  Box  386,  Coburg,  OR  97401. 
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Eprom  Erasing 

The  need  for  greater  programming  flexibility  in 
software  has  spurred  the  use  of  programmable 
read-only  memories.  These  memories  must  be 
completely  erased  prior  to  reprogramming.  Now. 
two  new  UV  lamps  manufactured  by  ULTRA- 
VIOLET PRODUCTS.  INC.,  provide  powerful 
short  wave  capability  for  fast,  complete  erasing 
in  minutes.  Erasing  is  both  safe  and  automatic. 


The  new  high-intensity  S-52T,  featuring  timer 
assembly  and  holding  tray,  will  erase  up  to  16 
chips  in  about  7  minutes.  The  economical,  but 
versatile,  UVS-54T  also  includes  a  timer  assem- 
bly and  holding  tray,  and  provides  complete  eras- 
ure for  up  to  8  chips  in  about  14  minutes. 

For  further  information  contact  Ultra-Violet 
Products.  Inc..  5100  Walnut  Grove  Ave.,  San 
Gabriel,  CA  91778. 
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Speech  Synthesizer 

The    Model    1000   Speech    Synthesizer   is  a 
hardwired    analog    of   the    human    vocal    tract. 


Various  portions  of  the  circuit  simulate  the  vocal 
cords,  the  lungs,  and  the  variable-frequency 
resonant  cavity  of  the  mouth,  tongue,  lips,  and 
teeth.  All  of  the  information  necessary  to 
produce  the  speech  sounds  of  American  English 
has  been  programmed  into  ROM's  which  reside 
on  the  synthesizer  board.The  unit  accepts  a  string 
of  ASCII  characters  (each  character  represent- 
ing a  particular  phonetic  sound  or  phoneme) 
in  exactly  the  same  fashion  as  a  printing 
peripheral.  Because  the  synthesizer  is  primarily 
an  analog  circuit  which  is  commanded  digitally, 
new  programming  information  is  required  only  at 
the  end  of  each  completed  phoneme.  The  max- 
imum information  transfer  rate  is  very  slow  at 
about  50  bytes/sec.  (25  bytes/sec  typical).  The 
Model  1000  is  directly  compatible  with  the 
Altair/IMSAI  bus  structure.  A  demonstration 
cassette  is  available  for  S5.00.  A  programming 
manual  which  includes  interfacing  information 
costs  $4.00. 

Price:  $325.00.  Delivery:  stock  to  4  weeks. 

For  further  information  contact  Ai  Cybernetic 
Systems,   P.O.  Box  4691,  University  Park,  NM 
88003.  Contact  Wirt  Atmar,  (505)  526-6842. 
CIRCLE   INQUIRY  NO.  238 


PROM:  Space  for  2K  bytes,  1702A.  Store 
bootstrap  loaders  and  monitors. 

RAM:  1K  bytes,  2102LIPC,  450  ns,  low 
power.  NO  NEED  TO  RELOCATE  STACK 
WHEN  ADDING  MEMORY. 

CIRCUITRY:  Replaces  memory  write  logic 
on  ALTAIR™  and  Imsai  front  panels. 

REGULATORS:  Two  regulators.  No  need  for 
regulated  power  supply. 

JUMP-ON-RESET:  PROM  program  execu- 
tion starts  at  any  location  in  memory  without 
interfering  with  programs  in  any  other  por- 
tion of  memory. 

S-100  BUS;  +8  and  -16  VDC;  P/C  BOARD 
SOLDER  MASKED  BOTH  SIDES  WITH 
PLATED  THROUGH  HOLES;  ALL  SOCKETS 
INCLUDED. 

OPTIONAL  FIRMWARE:  512  byte  monitor 
for  use  with  Tarbell  tape  interface  on  2, 
1702A  PROMs. 

PROM/RAM  KIT  WITHOUT  PROMS  $89 

+  OPTION  A-SIORev.  1  or3P+S  $129 

+  OPTION  B-2SIO  (MITS)  $129 

+  OPTION  C-SI0  2(IMSAI)  $129 

+  OPTION  D- Poly  Video  Interface  $159 

(Includes  Video  Driver) 

California  residents  please  add  6%  tax. 

IMMEDIATE  DELIVERY  FROM  FACTORY 
OR  YOUR  LOCAL  COMPUTER  STORE 

T.M. 

C03  G=*APHC  illC. 
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NEW!  MATRIX  PUBLISHERS 

MICROCOMPUTER  DICTIONARY  AND  GUIDE 
Charles  J.  Sippl  and  David  A.  Kidd 

Over  8000  definitions  and  explanations  of  terms  and  concepts  relat- 
ing to  microprocessors,  microcontrollers  and  microcomputers.  Spe- 
cial sections  on  programmable  calculators;  math  and  statistics 
definitions;  flow  chart  symbols  and  techniques;  binary  numbers  and 
other  related  computer  terms.  There  is  also  a  comprehensive  elec- 
tronic/computer abbreviations  and  acronyms  section.  704  pages. 
PROGRAMMABLE  CALCULATORS 
Charles  J.  Sippl 

An  introductory  textbook  on  calculators  that  reviews  calculator 
capabilities,  usage  and  programming  from  the  basics  of  how  to  use 
keyboards,  special  function  keys  and  preprogrammed  units  to  ad- 
vanced programmable  calculator  systems  for  use  in  engineering, 
science  and  communication.  Includes  a  section  on  programming 
processes  and  procedures  for  calculators  and  a  glossary  of  calcu- 
lator terms. 

1024  QUESTIONS  AND  ANSWERS  ABOUT  HOME  COMPUTERS 
Richard  L.  Didday 

A  book  for  the  person  interested  in  microcomputers  who  wants  to  get 
an  idea  of  what  it  can  be  like  before  buying  the  equipment  and  for  the 
person  with  a  microcomputer  who  wants  ideas  for  things  to  do,  help 
in  reading  the  literature,  help  in  deciding  what  ways  to  go.  144  pages. 
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MATRIX  PUBLISHERS,  INC. 

Dept.  IF,  207  Kenyon  Rd.  Champaign,  IL  61820 

Matrix  books  also  available  in  Byte  Shops,  computer  stores,  and  bookstores. 


the  cam  programmer  and  a  timer,  yet  performing 
more  functions  than  those  instruments,  DigiTenn 
is  offered  at  no  increase  in  price. 


Tenney  Introduces 
Microprocessor  Programmer 

At  Electro  76,  Tenney  Engineering  introduced 
a  new  programming  module  using  micro- 
processor techniques.  Offered  as  a  standard  op- 
tion, exclusive  in  the  industry,  the  new 
programmer  interfaces  with  all  Tenney  environ- 
mental test  chambers.  It  can  be  used  in  place  of 
older  cam.  two-point,  or  punched  tape 
programmers. 

With  programmable  memory,  the  instrument 
is  digitally  addressed  in  English  terms.  The  solid 
state  device  assumes  command  of  temperature 
and  humidity  set-points,  slope  rate,  dwell  time, 
and  secondary  functions  such  as  mode  selection. 
Digital  display  of  activated  modes  is  one  of  its 
features. 


HAL  MCEM-7K  RAM/PROM  Programmer 

The  HAL  MCEM-7K  or  MCEM-4K  RAM 
boards  provide  extended  memory  for  users  of  the 
MCEM-8080  Microcomputer.  This  unit  is  a 
single  circuit  board  of  the  same  size  as  the 
MCEM-8080.  The  board  is  available  in  four 
configurations:  4K  with  or  without  prom 
programmer,  and  7K  with  or  without  prom 
programmer.  Since  the  same  physical  board  is 
used,  a  4K  board  can  be  expanded  to  7 K  at  a 
later  date. 
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In  the  new  microprocessor  programmer,  there 
are  no  cams  to  cut.  tapes  to  punch,  or  timers  to 
set.  The  operator  digitally  introduces  set-points, 
times  and  rates  of  change,  and  time  of  program 
completion.  Automatically,  the  instrument  takes 
over.  It  will  interface  with  the  company's 
chambers  which  simulate  temperature,  humidity, 
alitude,  or  any  combination.  It  is  particularly 
useful  in  programming  MIL  specification  tests, 
including  those  required  by  AGREE  procedures. 

For  further  information  contact  Frank  Gardner, 
sales  manager,  Tenney  Engineering,  Inc.,  1090F 
Springfield  Road,  Union,  N.J.  07083. 
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The  RAM  used  on  the  board  is  2 1 02A-4  static 
RAM.  The  Prom  Programmer  section  is  designed 
for  user  programming  of  the  2708  Erasable 
PROM.  The  controlling  software  on  the  board 
(contained  in  PROM)  makes  it  a  simple  task  to 
load  the  2708  EPROM. 

Prices  are  $245.00  for  the  4K  RAM  board  and 
$350.00  for  7K,  assembled.  Prom  Programmer 
is  $35.00  additional,  assembled. 

For  further  information  contact  HAL  Com- 
munications Corp.,  Box  365,  Urbana,  IL  61801; 
(217)  367-7373. 
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DigiTenn  Microprocessor  Programmer 

Tenney  Engineering,  Inc.  has  announced  that 
its  new  DigiTenn  microprocessor  programmer  is 
now  the  standard  programming  instrument  on  its 
extensive   line   of  AGREE   chambers.    Replacing 


Tenney  AGREE  chambers  simulate  en- 
vironmental conditions  for  the  performance  of 
tests  recommended  by  The  Advisory  Group  on 
Reliability  of  Electronic  Equipment.  In  the 
workspace,  extremes  of  hot  and  cold  are 
programmed  while  the  test  specimen  is 
automatically  subjected  to  periods  of  active 
operation  plus  periods  of  simultaneous  vibration 
on  a  shaker  table.  The  microprocessor 
programmer  schedules  and  coordinates  all  of  the 
test  parameters. 

The  microprocessor  programmer  is  also  inter- 
faced with  other  Tenney  environmental  cabinets 
and  rooms.  Complete  details  on  the  DigiTenn, 
AGREE  chambers,  and  other  Tenney  equipment 
are  available  from  Frank  Gardner,  sales  manager, 
Tenney  Engineering,  Inc.,  1090S  Springfield 
Road,  Union,  NJ  07083. 

CIRCLE   INQUIRY  NO.  241 


PROM  Programmer  and  Verification 
Module 

The  MSI  PROM  Programmer  is  designed  to 
program  1 702A  PROMs  directly  from  micro- 
computer memory,  and  interfaces  with  any 
microcomputer  system  via  a  single  PIA  chip. 


A  complete  software  package  is  furnished 
with  the  system  at  no  additional  charge.  This 
gives  you  the  ability  to  transfer  any  area  of 
memory  to  a  PROM  chip,  read  the  contents  of 
the  PROM  into  memory,  calculate  check  sums 
for  PROMs,  and  duplicate  PROMs.  Following  the 
programming  operation,  the  software  reads  the 
PROM  back  into  memory  and  compares  each 
step  with  the  memory  location  from  which  it  was 
programmed  for  the  purpose  of  verification.  Any 
discrepancies  are  listed  on  the  terminal  with  an 
error  message.  If  the  PROM  verification  is  cor- 
rect, then  a  checksum  value  is  automatically 
printed. 

PROM  Programmer  complete,  including 
cabinet  and  power  supplies,  wired  and  tested. 
Model  PR-1,  $325.00;  UV  Lamp  for  erasing 
PROMs.  Model  UV-1,  $95.00:  PROM 
Programmer  complete,  including  cabinet  and 
power  supplies,  wired  and  tested,  for  program- 
ming 2708  PROMs,  Model  PR-2  (Available  Spr- 
ing 1977).  $325.00. 

For  further  information  contact  Midwest 
Scientific  Instruments,  220  W.  Cedar.  Alathe, 
KS  66061:  (913)  764-3292. 
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Microprocessor  Hardware 
Floating  Point  Board 

North  Star  Computers.  Inc.  offers  the  FPB 
floating  point  unit,  which  performs  decimal 
floating  point  add,  subtract,  multiply  and  divide 
with  up  to   14  digits  of  precision. 

The  Model-A  FPB  has  the  ALTAIR-IMSAI 
buss  structure.  The  Model-B  FBP  is  compatible 
with  the  Intel  SBC  and  MDS  buss  structure.  The 
FPB  permits  microprocessor  systems  to  surpass 
minicomputers  in  processing  power  in  appli- 
cations where  floating  point  operations  are 
performed  frequently.  A  typical  10  digit  multi- 
plication, when  performed  by  the  FPB,  com- 
putes in  111  microseconds.  The  time  is  5.5 
milliseconds  when  the  same  operation  is 
performed  by  the  best  8080  firmware. 


Furthermore,  use  of  the  FPB  frees  about  1  K  of 
program  memory  formerly  allocated  to  firmware 
or  software  floating  point  alogorithms.  Merely 
replace  your  arithmetic  routines  with  sub- 
routines which  transmit  the  operands  and  the 
result  (at  about  6  microseconds  per  byte)  to  the 
floating  point  unit. 

A  version  of  extended  BASIC  will  be  available 
for  use  in  conjunction  with  the  FPB. 

The  FPB  floating  point  unit  is  implemented  on 
a  single  printed  circuit  board  using  Schottky  and 
low  power  Schottky  TTL  integrated  circuits.  The 
FPB  implements  a  high  speed  microprocessor 
which  executes  in  excess  of  four  million  instruc- 
tions per  second.  The  microprocessor  waits  for  a 
command  from  the  8080  program  to  start  a 
floating  point  calculation.  The  command  in- 
dicates the  required  precision.  Then  the  micro- 
processor receives  the  two  floating  point  values, 
computes  the  result,  and  returns  the  result  to  the 
8080  along  with  a  status  byte  indicating  any 
error  conditions. 

For  further   information    contact    North    Star 
Computers,  Inc.,  2465  Fourth  Street.  Berkeley. 
CA  94710;  Telephone:  (415)  549-0858. 
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Computer  Music  Synthesizer  Modules 

PAIA  offers  a  complete  line  of  low-cost 
voltage  controlled  music  synthesizer  module  kits 
including  the  4720  Oscillator  and  4730  Filter 
shown.  Both  units  feature  linear  freq. /control 
voltage  response  and  16  Hz  to  16  kHz  range. 


The  4720  VCO  produces  ramp,  triangle,  sine 
and  pulse  waveforms.  The  companion  4730  VCF 
is  a  state  variable  design  with  simultaneously 
available  low-pass,  band-pass  and  high  pass  out- 
puts, all  with  "Q"  adjustable  from  .5  to  150. 

Other  modules  in  the  series  include:  Voltage 
Controlled  Amplifiers,  Balanced  Modulators, 
Envelope  Generators,  Reverb  Units.  Noise 
Sources  and  Power  Supplies. 

MARCH  1977 


All  modules  are  compatible  with  the  PAIA 
8780  Equally  Tempered  DAC  for  easy  com- 
puter/micro-processor/micro-controller inter- 
face. 

Available  in  kit  form  from  PAIA  Electronics. 
Inc.,  1020  W.  Wilshire  Blvd.,  Oklahoma  City,  OK 
73116.  Free  catalog  available  upon  request. 
CIRCLE  INQUIRY  NO.  244 


Programmer  Option  for  Company's 
Model  950  ASCII  Pattern  Generator 

The  Model  954  Programmer  expands  the 
repertoire  of  characters  to  128  in  one  message, 
64  in  each  of  two  messages,  four  messages  of 
32  each,  or  any  combination. 


Message  number  is  selected  by  dial  on  the 
front  panel,  the  message  then  runs  once  or  con- 
tinuously as  selected.  One  programmer  may  be 
shared  by  several  Pattern  Generators,  since  it 
plugs  into  them.  The  Model  954  uses  field 
replaceable  ROM,  which  can  be  replaced  by  the 
user  at  will. 

Uses  for  the  Model  954  include  simulation  of 
sign  on  procedures,  storage  of  commonly  used 
subroutines  in  Microprocessor  systems  construc- 
tion, storage  of  repetitive  test  messages.  Data 
can  be  triggered  at  any  external  clock  rate:  data 
is  presented  in  parallel.  Using  the  company's 
Pattern  Generators  thru  RS  232  interfaces,  the 
data  can  be  output  from  the  Model  954  at 
speeds  up  to  57.6  KB  per  second. 

For  further  information  contact  Terminal  Data 
Corporation  of  Maryland.  11878  Coakley  Circle. 
Rockville,  MD  20852:  (301)  881-7655. 
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Voice  Response  System 

A  new  microcomputer-controlled  Voice 
Response  System  which  provides  multi-line 
voice  response  output  at  exceptionally  low  cost 
for  any  minicomputer  has  been  announced  by 
MICOM  Systems.  Inc. 


The  MICOM  310  requires  no  complicated 
hardware  or  software  interfacing  while  providing 
a  simple  interface  to  Touch-Tone*  telephones, 
encoding  the  incoming  Touch-Tone"  signals  to 
ASCII  data  characters  for  serial  transmission  to 
the  host  computer  port.  Thus,  the  310  permits 
Touch-Tone"  telephones  to  be  used  as  complete 
data  terminals  in  computer  inquiry-response 
applications. 

The  MICOM  310  is  simple  to  install  and 
operate,  with  all  the  flexibility  of  microcomputer 
control. 

Prices  begin  at  S500.  Ninety  days  for  delivery. 

For  further  information  contact  Roger  Evans. 
MICOM  SYSTEMS,  INC..  9551  Irondale  Ave., 
Chatsworth,  CA  91311.  Telephone  (213)  882- 
6890.  TWX  910/494-4910. 
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A-VID 
ELECTRONICS 
CO.  has  in  stock: 

SWTPCO  at 
New  Low 
Prices 

•  MP  6800  Microcomputer  Kit 
now  with  4K  of  memory 

Still  only  $395.00 

•  4K  Memory  Expansion  Kit 
(MPM  +  MPMX) 

Now  only  $100.00 

•  Coming  in  March:  New  8K 
Memory  Kit 

Order  now  $250.00 

From  Smoke  Signal 
Broadcasting: 

•  16K  Static  low  power  Ram 
Board  assembled  and  tested 
Available  now  $595.00 

•  Prom  Board  available  Feb.  1st. 
Uses  2708's  -  Room  for  PIA's; 
comes  with  connector  for 
Frugal  Floppy  $179.00 

Other  Items: 

•  Oliver  Paper  Tape  Reader 

Kit  $74.50 

Assembled  and  tested  $95.00 

•  LearSieglerADM-3  241ineby 
80  kit  $875.00 

•  Prototype  Boards  -  3  kinds 

All  under  $25.00  ea. 

Software: 

•  SWTPCO  Editor,  4K  and  8K 
Basic  from  $4.95 
Floating  Point,  Scientific 
Functions,  TSC  Games 

Vol.3  All  for  $53.00 

Books: 

•  New  Basic  Programs  for 
business,  math  &  etc.  3 
volumes  $25  to  $40 
Sippl's  Dictionary  $9.43 
Osborne's  Microcomputers 
Vol.  I  &  II     $7.50  &  $12.50 


A-VID 

electronics  co. 


1655  E.  28th  St., 
Long  Beach,  Ca.  90806 


(213)426-5526- 

Ask  for  Reynold  Johnson 
NEW  HOURS: 

Mon.  -  Wed.  8:00  a.m.  to  5:00  p.m. 
Thurs.  &  Fri.  8:00  a.m.  to  9:00  p.m. 

Saturday  9:00  a.m.  to  5:00  p.m. 
BankAmericard  &  Master  Charge 
Accepted 
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Multi-Copy  Printer  Model  810 

Designed  and  manufactured  by  Texas 
Instruments,  the  810  is  a  1  50-cps  printer  aimed 
at  applications  which  include  output  printing  for 
minicomputer  and  microprocessor  systems,  aux- 
iliary forms  printing  for  intelligent  CRT  termi- 
nals, and  remote  office  output  printers  in  data 
communications  systems. 

The  printer  electronics  for  the  810  incor- 
porate the  latest  microprocessor  design 
technology,  providing  microprocessor  control  of 
printing  functions,  programmable  forms  control, 
and  a  buffered  communications  interface. 


The  810's  microprocessor-controlled,  bi- 
directional 132-column  multi-copy  printer  offers 
significant  improvements  in  total  data 
throughput.  While  the  data  is  held  in  the  buffer, 
the  microprocessor  control  selects  the  next  line 
of  data  to  be  printed  and  directs  the  printhead 
either  forward  or  reverse  to  achieve  the  shortest 
time  to  move  to  the  next  print  position. 

Speed  of  the  Model  810  is  150  characters- 
per-second  with  an  effective  throughput  from  60 
full  1 32-character  length  lines-per-minute,  up  to 
440  lines-per-minute  maximum  with  an  average 
of  10  character  lines.  The  Model  810's  wire- 
matrix  printhead  makes  possible  up  to  six  per- 
manent copies  with  high  clarity  and  a  minimum 
of  sound.  The  standard  printer  character  set  is  64 
ASCII  characters  in  a  9  x  7  dot  pattern. 

Other  standard  features  include  a  256 
character  communications  line  buffer,  a  self-test 
feature  to  test  the  printer,  an  adjustable  tractor 
drive  for  form  widths  of  from  3  to  1 47/a  inches,  a 
line  spacing  selection  of  six  or  eight  lines-per- 
inch  and  the  ability  to  feed  continuous  forms 
from  the  rear  in  true  tabietop  operation  or  from 
the  bottom  of  the  printer  in  conventional  mode. 
and  power  selection  of  100.  120,  220,  or  240 
VAC  at  50-60  Hz. 

For  further  information  contact  Texas 
Instruments  Incorporated,  Digital  Systems 
Divisions.  P.O.  Box  1444,  M/S  784.  Houston. 
Texas  77001.  or  phone  (713)  494-5115,  ex- 
tension 2124 

CIRCLE  INQUIRY  NO.  247 


Hobbyist's  Printer 

Expandor's  printer  is  the  economical  answer 
to  the  computer-hobbyist's  printing  require- 
ments. Complete  with  an  8-bit  parallel  interface, 
the  unit  operates  at  10  characters  per  second, 
printing  80  characters  wide  with  a  64  character 
ASCII  code  set.  It  has  a  pin  feed  platen  which  al- 
lows the  use  of  continuous  form  or  standard 
papers.  Comparable  to  printers  nationally  offered 
at  twice  the  price.  Cost,  $266.00  complete. 

For  further  information  contact   EXPANDOR 
INCORPORATED,    612    Beatty   Road,   Monroe- 
ville,  PA  15146:  (412)  373-0300. 
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Scribe"  Matrix  Printer  Has 
Interactive  Graphics 
Terminal  Capabilities 

Irvine.  CA  —  Scribe",  a  medium  speed  matrix 
printer  with  very  broad  performance  capabilities 
and  exceptional  reliability,  has  been  introduced 
by  Microdata  Corporation. 


The  new  printer  comes  in  120  or  165 
character  per  second  versions  printing  132 
column  lines  bidirectionally  using  a  9  x  7  dot 
matrix.  It  prints  the  full  96  character  USASC  II 
set  and  can  highlight  data  with  a  selectable, 
expanded  type  face.  An  optional  second 
character  set  is  specifically  designed  for  plotting 
and  graphics  printing. 

Scribe  is  available  with  either  an  RS232  C 
serial  interface  or  an  industry  standard  parallel 
interface,  making  it  plug  and  software  compati- 
ble with  most  other  printers  and  terminals. 

In  quantities  of  1 00.  the  1 20  cps  Scribe  unit  is 
priced  at  S1.755;  keyboard  price  is  $275.  Im- 
mediate deliveries  are  available. 

For  further  information  contact  Microdata 
Corporation.  17481  Red  Hill  Avenue,  Irvine,  CA 
92714;  (714)  540-6730. 
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Full-size  impact  Printer 

The  Digital  Group  printer  is  the  first  afford- 
able printer  available  for  computer  hobbyists  and 
the  small  businessman. 


Although  the  Digital  Group  printer  is  inexpen- 
sive to  own,  it  comes  loaded  with  capabilities 
and  features. 

The  Digital  Group  printer  is  fast,  printing  120 
characters  per  second. 

There  are  96  characters  per  line,  12 
characters  per  inch  horizontal  and  6  lines  per 
inch. 

The  Digital  Group  printer  makes  up  to  four 
copies  simultaneously. 

Kit  prices  start  at  $495  for  the  printer  and 
interface  card. 

For  further  information  contact  The  Digital 
Group.  P.O.  Box  6528,  Denver,  CO  80206, 
Telephone  (303)  777-7133. 
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Axiom  EX-800  Electrosensitive  Line 
Printer 

The  new  EX-800  printer  uses  a  fast  and  effi- 
cient electrosensitive  printing  technique  to 
achieve  relatively  high  performance  at  a  moder- 
ate cost.  It  is  priced  at  $655.00  including  parallel 
ASCII  interface  and  offers  the  following  features 
as  standard: 


96  character  ASCII  printout  (upper  and  lower 
case);  Built-in  self-tester  for  rapid  system  diag- 
nosis; Three  character  sizes  selectable  to  give 
80,  40,  or  20  columns  per  line;  2  lines  per 
second  for  throughput  of  up  to  160  characters 
per  second;  Printed  character  size  may  be  pre- 
set or  programmed  character-by-character;  Low 
cost  paper  gives  hardcopy  for  around  one  cent 
for  an  8VS"  x  11"  equivalent;  RS232C  interface 
available  ($85.00  extra). 

For  further  information  contact  Axiom  Cor- 
poration, 5932  San  Fernando  Road,  Glendale, 
CA  91202;  (213)  245-9244. 
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Hard  Copy  For 
Computer  Art 

The  X-Y  plotter  can  be  driven  directly  from  a 
TTL  compatible  8-bit  parallel  I/O  port.  The 
mechanics  are  assembled  and  aligned  with  the 
three  controller  P.C.  boards  assembled  and 
tested. 

The  user  need  only  to  interconnect  the 
mechanics.  P.C.  boards,  and  his  computer.  Step- 
by-step  connection  and  programming 
suggestions  are  contained  in  the  owner's 
manual. 
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The  encoder  gives  .01  or  .005  inch  resolution 
(specify)  for  controlling  pen  travel  and  RPM  of 
the  motors.  The  universal  pen  holder  accepts 
almost  anything.  Pen  speed  is  2.5  ipm  minimum. 
Model  DFT-1 :  drawing  area  11X17  costs  $750. 
stock;  Model  DFT-2:  1  7  X  22  costs  $895  and  is 
delivered  in  3  to  8  weeks.  Owner's  manual  is  $5. 
Requires  24VDC  @  1 .5  amps  and  5  VDC  @  200 
mA. 

For  further  information  contact  Sylvanhills 
Lab.,  Inc.,  #1  Sylvanway.  Box  239,  Strafford,  MO 
65757;  (417)  736-2664. 
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Digital  Recorders 


Cartridge  Tape  System  Incorporates  Full 
ANSI  Format 

The  first  cartridge  system  that  completely 
implements  American  National  Standards  Insti- 
tute (ANSI)  recording  format  has  been  developed 
by  Kennedy  Co.  Designated  the  Series  4000.  the 
system  accepts  byte-oriented  data,  and  phase 
encodes  it  at  1600  bpi  complete  with  preamble, 
postamble.  and  cyclic  redundancy  check.  The 
easily  interfaced  system  also  provides  timing  and 
control  for  up  to  four  one-quarter-inch  tape 
drives. 


Designed  for  minicomputer  and  other  data 
processing  applications  using  eight-bit  bytes,  the 
Series  4000  organizes  the  data  to  bit  serial  on 
the  tape.  No  additional  parallel-to-serial  con- 
verter is  needed.  Because  bytes  are  not  separ- 
ated by  start/stop  bits,  all  available  space  is  used 
for  data. 

The  low  profile  system  mounts  in  standard  19 
inch  racks.  The  one-recorder  model.  4000-1.  is 
5.25  inches  high;  the  two-recorder  model.  4000- 
2.  is  8.75  inches  high;  the  three-recorder  model, 
4000-3.  requires  10.5  inches;  and  the  four- 
recorder  model,  4000-4,  is  14  inches  high. 

Single-unit  prices,  including  power  supply, 
cables,  and  connectors  are:  Model  4000-1  — 
$2495;  Model  4000-2  —  $3600;  Model  4000- 
3  —  $4950;  and  Model  4000-4  —  $6050.  Deli- 
very is  45  days  ARO. 

For  further  information  contact  Kennedy  Co., 
540  West  Woodbury  Road,  Altadena,  CA, 
91001;  (213)  798-0953,  TWX  910-588-3751. 
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Digital  Read/Write  Amplifiers 

Phi-Deck  has  introduced  digital  read/write 
amplifiers  for  its  family  of  remote  controlled 
cassette  transports. 


.%'- 


The  one  or  two-channel  amplifiers  permit  the 
user  to  utililze  almost  any  encoding  methods 
commonly  used.  Phi-Deck  presently  is  designing 
coding  boards  for  micro  processing  systems 
applications. 

The  unit  uses  a  Philips  certified  data  cassette, 
has  a  recording  density  of  0-1600  FRPI  (flux 
reversals  per  inch).  It  is  '/Binch  by  6  3/io  inches  by 


6%    inches   and   weighs   6    ounces.    Power   re- 
quirements are  +15  volts,  -15  volts. 

For  further  information  contact  Triple  I.  a 
division  of  The  Economy  Company,  P.O.  Box 
25308.  Oklahoma  City,  OK  73125;  (405)  521- 
9000. 
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MFE's  Model  5000  Uses  Microprocessor 

MFE's  Model  5000  Buffered  Tape  Cassette 
Terminal  is  the  only  system  using  a  micro- 
computer for  control  and  efficiency  in  the  com- 
munications terminal  market. 
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Controlling  the  terminal's  buffering,  editing, 
and  communication  is  MFE's  integration  of  the 
Intel  8080A  Microprocessor.  Programmed  high 
speed  search  and  powerful  edit  functions,  as  well 
as  full  communications  capability,  are  all  stan- 
dard features  of  this  highly  reliable  system. 

The  MFE  Model  5000  uses  Read/After/Write 
and  CRC  for  error  detections  and  has  extensive 
data  correction  routines.  It  conforms  to  AN- 
SI/ECMA  standards  (Industry  Defined),  with  tape 
speeds  up  to  1  20  inches  per  second  on  cassettes 
which  hold  221.000  characters  of  formatted 
data. 

For     further     information     contact     MFE, 
Keewaydin  Drive,  Salem.  NH  03079;  (603)  893- 
1921,  TWX  710-366-1887,  Telex  94-7477. 
CIRCLE   INQUIRY  NO.  254 

3M3  Digital  Data  Recorder 

"COMPUTER  AID"  Model  3M3  Digital  Data 
Recorder  utilizes  a  radically  new  drive  system  for 
the  3M  Data  Cartridge  (DC  300).  This  drive  and 
the  unique  "UNIBOARD"  method  of  con- 
struction make  it  possible  to  produce  a  data 
cartridge  recorder  for  about  one-fourth  the  nor- 
mal price  of  such  recorders.  Operates  in  the  self- 
clocking  Phase  Encoded  mode  at  9600  baud  or 
less.  Motor  and  record/play  functions  are  under 
keyboard  or  software  control.  Overriding  push- 
buttons make  manual  operation  possible.  Readily 
interfaces  with  commonly  used  microprocessors 
and  minis  with  serial  I/O  ports. 

Available  also  in  export  version.  Price  includes 
read/write  electronics  Phase  Encoder  board  (16 
X  or  1  X  clock)  and  motor  control  electronics. 
Delivery  4  weeks  ARO. 

For  further  information  contact  National 
Multiplex  Corporation.  3474  Rand  Ave.,  Box 
288.  South  Plainfield,  NJ  07080.  Price  S220.00. 
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HAL  MCEM-DACI 

The  HAL  Dual  Audio  Cassette  Interface  allows 
mass  storage  of  programs  using  a  standard  audio 
cassette  recorder.  The  DACI  uses  the  "Kansas 
City  Standard"  of  recording  data  on  audio  tape. 
Rates  are  300  and  600  baud,  switch  selectable, 
or  1200  baud  by  changing  an  internal  strap.  Two 
cassette    recorders    can    be   interfaced   to   your 


microcomputer  through  the  DACI.  The  provision 
for  "pass  through"  operation  allows  the  passing 
of  data  to  or  from  other  serial  I/O  devices 
attached  to  the  microcomputer.  Front  panel  indi- 
cators and  push-button  switches  allow  full  oper- 
ator control  and  monitoring  of  the  cassette 
memory  system. 

The  DACI  can  be  used  to  load  HAL  Tiny 
BASIC  into  your  MCEM-8080  system  via  audio 
cassette  tape.  HAL  Tiny  BASIC  resides  in  3K  of 
memory  and  uses  the  MCEM-8080  software 
monitor  routine.  Once  you  have  Tiny  BASIC 
loaded,  use  the  DACI  to  record  or  play  back  pro- 
grams that  you  have  written. 

Price  of  the  DACI  is  $1  50.00.  assembled.  Tiny 
BASIC  on  audio  cassette  tape  is  $15.00. 

For   further   information   contact   HAL  Com- 
munications Corp..  Box  365,  Urbana.  IL  61801 
(217)  367-7373. 

CIRCLE   INQUIRY   NO.  256 

10-Megabyte  Cartridge  Tape  Drive 

Irvine,  CA  —  Lodestar'"  the  first  magnetic 
tape  cartridge  drive  to  offer  10-megabyte 
storage  capacity  on  a  3M-type  data  cartridge,  is 
now  available  from  Microdata  Corporation. 


Lodestar  is  available  in  several  versions  for 
OEM  applications,  including  single  and  dual- 
drive  units.  Options  include  power  supply,  a  for- 
matter, rack  mounting  hardware,  and  front  panel 
with  controls  and  indicators.  The  rack  mount- 
able  unit  will  house  the  optional  formatter.  The 
basic  single-drive  unit  is  priced  at  $1401  in 
quantities  of  100.  Immediate  delivery  is 
available. 

For  further  information  contact  Microdata 
Corporation.  17481  Red  Hill  Ave.,  Irvine.  CA 
92714. 

CIRCLE   INQUIRY  NO.  257 

New  AC  Phi-Deck  Model  4  Tape  Tran- 
sport Available 

The  Triple  I  Division  of  The  Economy 
Company  of  Oklahoma  City  is  offering  a  new 
fixed  speed  electronic  cassette  tape  transport 
with  AC  capstan  motor  to  its  line.  Prototype 
quantities  are  now  available.  Features  of  this 
model  include:  four-motor  control,  remote  con- 
trol capabilities,  fast  start/stop,  less  than  30  se- 
conds rewind,  and  speeds  from  1  to  1  5  IPS. 

In  addition  to  use  in  micro  processors,  the  unit 
has  applications  in  data  recording/logging/stor- 
age, programming,  instrumentation,  industrial 
controls,  data  duplicating,  security/automatic 
warning  systems,  testing  apparatus,  audio-vis- 
ual education,  hi-fi,  and  other  general  appli- 
cations. 

For    further    information    contact   Triple    I,    a 
division  of  The  Economy  Company,  4605  North 
Stiles.    P.O.    Box   25308,    Oklahoma    City,   OK 
73125;   Phone  (405)  521-9000. 
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Discs 


"Reflex"  Disc  Drive  Aimed  At 

Storage  Module,  Trident 

And  IBM  2314 

Irvine.  CA  —  Microdata  Corporation  offers  a 
"Winchester  technology"  disc  drive.  Named 
Reflex™,  the  drive  is  available  in  three  basic  ver- 
sions having  one,  two  or  three  disc  platters  and 
providing  12.5,  37.6  or  62.7  million  bytes  of 
storage  in  a  compact  7-inch-high  rack  mount- 
able  package. 


bility  feature,  Microdata  can  offer  the  advantages 
of  Winchester  technology  at  a  price  that  is  very 
attractive  to  minicomputer  system  builders  and 
users. 

Delivery  is  30  to  45  days  ARO.  The  1 00  quan- 
tity price  for  a  62.7  megabyte  is  $3600. 

For  further  information  contact  Microdata 
Corp.,  17481  Red  Hill  Ave..  Irvine,  CA  92714; 
(714)  540-6730. 
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Full-size  Floppy  Disk  for  the 

Altair-lmsai  Plug-in  Compatible 

S-100  Bus 

The  Peripheral  Vision  floppy  disk  interface 
card  supports  8  drives  and  stores  over  300,000 
bytes  per  floppy. 


Significant  performance  characteristics  of  the 
drive  include  head  positioning  time  of  6  millisec- 
onds track  to  track,  30  milliseconds  average. 
Disc  rotation  at  3000  rpm  results  in  an  average 
rotational  latency  of  just  10  milliseconds  and  a 
data  transfer  rate  of  7.08  MHz. 

Unlike  the  IBM  3340,  Reflex's  media  module 
is  not  removable.   By  eliminating  the  remova- 


A  bootstrap  EPROM  is  included  to  make 
system  startup  automatic.  The  floppy  is  com- 
pletely S-100  plug-in  compatible,  and  interface 
cabling  is  included. 

The  Peripheral  Vision  floppy  disk  drive  is  from 
Innovex  (the  originator  of  the  floppy  concept)  and 
comes  assembled  and  tested.  A  disk  operating 
system  with  file  management  system  is  included 
on  the  floppy. 

Prices  start  as  low  as  $750  for  the  interface 
card  kit  and  assembled  and  tested  drive.  A  24- 
volt  at  2-amp  power  supply  is  also  available  in  kit 
form  for  $45  or  assembled  for  $65;  and  a 
cabinet  is  offered  for  an  additional  $85. 

For  further  information  contact  PERIPHERAL 
VISION,  P.O.  Box  6267,  Denver,  CO  80206; 
(303)  777-4292. 
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North  Star  Micro-Disk  System 

The  North  Star'"  Micro-Disk  System  is  a  com- 
plete floppy  disk  system  for  8080  and  Z80  com- 
puter systems  which  follow  the  S-100 
(ALTAIR/IMSAI,  etc.)  buss  conventions.  For  a 
complete,  disk-oriented  computer  system,  all 
that  is  needed  is  the  computer,  16K  bytes  of 
memory,  a  terminal  and  the  North  Star  Micro- 
Disk  System. 

At  the  heart  of  the  North  Star  Micro-Disk 
System  is  the  Shugart  SA-400  minifloppy"  disk 
drive. 


r 


Sunshine  Computer  Company  is  pleased 
to  announce  that  we  are  now  a  representative 
of  The  Digital  Group  in  Southern  California. 


1 


Software  is  available!  including  Basic.  Assembler,  Disassembler,  Text/Editor,  Z-80  Educator! 

Z-80-SYS  1:  Complete  4-Bourd  Z-80  system  including:  10K  Z-80-SYS  2:  Complete  4-Board  Z-80  system  including:  18K 
memory,  12A  power  supply,  Standard  Motherboard,  Standard  memory,  12A  power  supply,  Standard  Motherboard,  Standard 
Cabinet, (kit) S  895.00       Cabinet, (kit) S1095.00 

Sunshine  Computer  Company 

COME  SEE  OUR  NEW  EXPANDED  OFFICES  IN  THE  CARSON  BUSINESS  PARK. 

I         20710  South  Leapwood  Avenue        Carson,  California  90749        Rich  Travis         (213)327-2118 
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The  North  Star  Micro-Disk  Controller  inter- 
faces the  disk  drive  to  the  computer  system. 
Commands  and  data  are  transferred  from  soft- 
ware by  the  technique  of  memory-mapped  I/O. 
No  input  or  output  ports  of  the  computer  are 
used. 

The  North  Star  Disk  Operating  System  (DOS) 
is  supplied  on  diskette.  The  DOS  provides  ac- 
cess to  the  disk  either  through  commands  typed 
from  the  computer  terminal,  or  through  subroutines 
called  by  software. 

The  Extended  Disk  BASIC,  an  integral  part  of 
the  Micro-Disk  System,  is  supplied  on  disk- 
ette. The  extended  features  include:  Strings  (no 
limit  on  string  length).  Multiple  dimensioned 
arrays,  Multiple-lined  user  defined  functions  with 
multiple  arguments.  Formatted  output  facility. 
Machine  language  CALL  and  memory  EXAM  and 
FILL,  IF  -  THEN  -  ELSE  and  ON  -  GOTO  state- 
ments, RENUMBER  command.  Convenient  line 
editor. 

For   further    information    contact    North    Star 
Computers.  Inc.,  2465  Fourth  Street,  Berkeley. 
CA  94710;  Telephone  (415)  549-0858. 
CIRCLE   INQUIRY  NO.  261 


New  High  Performance  Dual  Disk  System 

The  Jupiter  D  system  pairs  a  dual  floppy  disk 
drive  from  PerSci  and  a  high  quality  soft  sec- 
tored disk  interface.  Built  on  standard  Wave 
Mate  wire  wrap  hardware,  the  controller  can 
handle  up  to  four  devices  at  once. 

This  dual  drive  accesses  data  several  times 
faster  than  other  drives  and,  like  all  Jupiter  com- 
ponents, uses  five  times  less  power  than  most 
other  systems.  Each  removable  disk  will  hold 
315,392  bytes  of  information  in  a  soft  sectored 
format. 

The  unit  is  housed  in  a  standard  Jupiter  rack 
mount  cage  which  can  be  mounted  underneath 
or  sit  alongside  a  Jupiter  computer.  The  system 
includes  its  own  ferro-resonant  plug-in  power 
supply,  the  dual  drive,  cage,  interface  card  and 
cables  fully  assembled  and  tested  for  S2195. 

For  further  information  contact  Wave  Mate. 
1015  W.  190th  Street,  Gardena,  CA  90248: 
(213)  329-8941. 
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OSI  470B  Floppy  Disk 

The  470B  is  an  upgrade  of  OSI's  popular  470 
floppy  disk.  The  new  disk  features  a  GSI  model 
110  disk  drive  for  240K  bytes  single  density 
storage  or  480K  bytes  double  density  storage. 


(  1  o" 


The  new  disk  also  features  a  head  load  in- 
dicator and  a  pre-fabricated  fifty  line  inter- 
connecting cable.  The  introductory  special  for  the 
470B  is  $599  for  a  fully  assembled  drive  and 
cable  harness.  6502  disk  operating  system,  and 
controller  board  in  kit  form. 

The  drive  is  also  available  fully  assembled  for 
OSI  Challengers  including  matching  case  and 
power  supplies  for  $990.  OSI's  floppy  disk 
bootstrap  prom  allows  the  owner  of  any  OSI 
system  to  use  his  floppy  disk  immediately  on 
power  up  and  is  available  for  S29  with  either 
version  of  the  470B. 

For  further  information  contact  Ohio  Scientific 
Instruments.  11679  Hayden  St.,  Hiram,  OH 
44234:  (216)  569-7945. 
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Software  Supported 
Floppy  Disc  Controller 

The  ftPAL  FDC  1016  Floppy  Disc  Controller 
for  S-100  BUSS  compatible  microcomputers 
can  handle  up  to  eight  discs  to  achieve  a  large 
data  storage  base.  A  sophisticated  software 
package,  tapes  and  listings,  is  available  for  S25. 
The  controller,  in  kit  form,  sells  for  S395.  A  con- 
troller kit  and  a  single  disc  drive  are  available  for 
$995. 

The  single  card  controller  contains  a  DMA 
interface.  Formatting  capabilities  are  provided. 
IBM  3740  and  other  formats  are  possible,  as 
well  as  error  detection  features.  Operating  under 
the  DFM  80  portion  of  the  software  package,  the 
user  need  only  be  concerned  with  the  name  of 
the  file,  the  operation  to  be  performed  and  the 
physical  disc  upon  which  the  file  resides. 

In  addition,  the  software  package  contains  a 
monitor,  debugger  and  bootstrap  programs.  A 
system  program  formats  discs  and  establishes 
linkages  to  the  operating  system. 

For  further  information  contact  Processor 
Applications,  Ltd.,  2801  East  Valley  View  Ave., 
West  Covina,  CA  91792  or  phone  (213)  965- 
8865. 
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Microfloppy  "Unit  Boosts 
Personal  Computing  With 

First  Plug  Compatible 

5  W  Diskette  System 

CANOGA  PARK,  CALIF.,  January  5,  1977  — 
A  floppy  disk  system  called  the  Microfloppy" 
with  operating  software  and  interface  electronics 
to  provide  complete  plug  compatibility  with  pop- 
ular microcomputers  has  been  announced. 


The  system  is  believed  to  be  the  first  available 
for  the  new  5'/4-inch  diskettes.  Priced  at  just 
$1,095,  the  Microfloppy,  iC0M»  Model  FD 
2411,  includes  the  flexible  disk  drive,  power 
supply,  cabinet,  controller/interface  card,  power 
cord,  fuse  and  all  cables.  The  unit,  incorporating 
iCOM's  FDOS-M  software  on  diskette,  is  fully 
factory  assembled  and  tested,  and  is  ready  to 
plug  in.  Additionally,  as  a  limited-time  intro- 
ductory offer,  an  8K  BASIC  software  package  is 
included  at  no  additional  charge. 

The  iCOM  FD  241 1  is  100%  plug  compatible 
with  the  Altair  8800,  the  Poly  88.  the  IMSAI 
8080  and  other  microcomputers  using  the  pop- 
ular Altair  bus  format.  The  controller/interface 
card,  which  uses  advance  MOS  LSI  and  low 
power  Schottky  technology,  contains  all  of  the 
electronics  necessary  to  interface  the  floppy  disk 
to  the  microcomputer. 

The  controller/interface  card  features  on- 
board ROM  and  RAM  to  make  system  memory 
more  efficient  and  minimize  user  memory 
requirements.  The  Microfloppy  also  uses  phase- 
locked-loop  techniques  for  improved  accuracy 
and  performance,  usually  found  only  in  more  ex- 
pensive disk  systems. 

The  Microfloppy  Model  FD  2411  is  priced  at 
$1,095  for  the  fully  assembled  unit,  ready  to 
plug  in. 

For  further  information  contact  iCOM  Division, 
6741    Variel   Avenue,   Canoga   Park,   California. 
91303.  Telephone:   (213)  348-1391. 
CIRCLE   INQUIRY  NO.  265 


IwUW 

TRY 


The  word  is  getting  around  ...  the 
Byte  Shop  of  Pasadena  is  a  remark- 
able exception  to  the  rule  among 
computer  stores.  We  offer  a  truly 
delightful  environment  supported  by 

*  REAL  courtesy 

*  REAL  expertise 

*  EXPERT  service 

*  GREAT  classes 

*  EIGHT  demo  systems 

and  of  course,  a  wide  variety  of  low- 
priced  computer  hardware,  software, 
tools  and  supplies.  Come  see  what  the 
happy  rumors  are  all  about .  .  .  then 
compare  our  store  with  ANY  other! 


EWE 
SHOP 


x 
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The  BYTE  SHOP  of  Pasadena 

496  South  Lake  Avenue 

Pasadena,  California  91101 

Telephone:  (213)684-3311 

—  HOURS  — 

Tuesday-Saturday:  12-9 
Sunday:  12-5 
Monday:   closed 


Bankamericard        Mastercharge 
American  Express 
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Terminals 


New  Ml2  Terminal 

Designated  the  Design  2400  KSR/T.  the 
terminal  combines  the  elegance  of  simple,  clean, 
quiet  mechanical  design  with  the  intelligence  of 
microprocessor  control.  The  extensive  flexibility 
for  communications  capability  with  a  variety  of 
data  systems  is  further  enhanced  by  the  avail- 
ability of  a  Programmable  Protocol  Interface 
Board.   The   new  system   thus   becomes  easily 


adaptable  to  time  sharing  systems  and  can  com- 
municate with  various  protocol  modes. 

The  Programmable  Protocol  Interface  Board 
incorporates  the  powerful  Intel  8080  Micro  CPU 
which  is  factory  or  user  programmable  to  meet 
multi-terminal  demands.  This  universal  interface 
is  also  available  for  the  R/0  version  of  the  printer. 

For  further  information  contact  Ml! 
Corporation,  1212  Kinnear  Road,  Columbus  OH 
43212;  (614)  481-8131. 
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BYTE  SHDP  #32 

the  affordable  computer  store 

Announces:  the  only  complete 

*5 


&&mm 


System  for  the  S1 00  BUS!! 
including: 


10"  DIAGONAL 

COLOR 

T.V. 


gh  impact  plastic  cabinet 
Rosewood  finsh 


and:  the  famous  TV  DAZZLER™  KIT  by  Cromemco 

All  lor 

$399. 


00 


TO  ORDER 

CALL  COLLECT  FOR  NICK 

1-803-771-7824 

BANKAMERICARD  & 
MASTERCHARGE  WELCOME 


BVTE  SHDP  #3E 

the  affordable  computer  store 

2018  Green  Street 
Columbia,  SC  29205 

S.C.  residents  must  add  4%  sales  tax. 


"When  you're  #32 

You  try  a  lot 

harder!" 


Abacus  Computer  System  Terminal 

Abacus  Computer  Systems  has  a  low  cost, 
portable  computer  terminal  that  is  suitable  for 
microcomputers,  computer  evaluation  kits,  data 
entry  systems  and  time  sharing  systems.  This 
terminal  weighs  under  25  pounds  with  the  in- 
tegral keyboard,  hardcopy  printer  and  acoustical 
coupler. 


The  terminal  is  TTY  compatible  or  it  can  be 
connected  directly  to  the  computer  serial  I/O 
port  which  has  standard  TTL  voltages  level.  The 
acoustical  coupler  can  be  used  to  transmit  and 
receive  data  over  the  phone  lines.  The  coupler 
can  also  be  used  to  load  and  store  data  on  audio 
cassette  tapes  at  speeds  up  to  300  bauds.  The 
keyboard  is  ASCII  encoded  and  consists  of  51 
alphanumeric  solid  state  keys.  The  printer  uses 
half  inch  strip,  impact  sensitive  paper.  The 
printer  speed  is  110  bauds. 

The  model  800  is  $295.00.  The  cost  without 
the  acoustical  coupler  is  $225.00. 

For  further  information  contact  Abacus  Com- 
puter   Systems.    6315    Eunice    Avenue.    Los 
Angeles,  CA  90042;  (213)  666-1711. 
CIRCLE  INQUIRY  NO.  267 


Video  Terminal  Interface 

The  versatility  of  the  video  terminal  increases 
the  abilities  of  your  S100  compatible  computer. 


CIRCLE  INQUIRY  NO.  50 


The  user  supplies  information  through  the 
keyboard  input  port  for  processing  by  the  com- 
puter, and  the  computer  displays  the  resulting 
data  on  the  monitor  screen  in  character  or 
graphic  form. 

7x9  matrix  alphanumeric  characters,  128 
horizontal  by  48  vertical  graphic  resolution,  64 
characters  per  line  with  16  lines. 

The  video  interface  provides  a  window  into 
the  computer,  and  allows  the  user  to  display 
rapidly  changing  information  in  the  form  of  upper 
and  lower  case  characters,  special  symbols,  and 
graphics.  Kit  $210;  Assembler  $280. 

For  further  information  contact  PolyMorphic 
Systems.  460  Ward  Drive.  Santa  Barbara,  CA 
93111. 
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Computer  Terminal  Costs  Only  $400 

Complete  With  ASCII  Keyboard, 

Display  and  RS-232 

THe  KDM/1  terminal  with  built-in  display 
allowing  two-way  computer  data  communi- 
cation between  a  person  and  any  RS-232  inter- 
face device  has  been  announced  by  Micon  In- 
dustries at  a  mail-order  price  of  only  S400  per 
unit. 


The  KDM/1  terminal  with  built-in  display 
devices  to  provide  reliable  performance  with 
digital  computer  systems,  computer-controlled 
test  equipment,  and  several  special  purpose 
devices  such  as  bar  code  readers,  OCR  scanners, 
and  microprocessor  development  systems.  It 
combines  in  a  single  compact  unit  a  full  ASCII 
keyboard,  32  character  alphanumeric  LED  dis- 
play, AC  power  supply  and  RS-232  interface. 

All  the  KDM  terminals  use  ASCII  Code  and 
operate  at  any  of  eight  switch-selectable  baud 
rates  —  up  to  9600.  The  16  x  64  character  dis- 
ply  terminal  is  designated  KDM/2  and  operates 
on  a  TV  set;  while  the  KDM/3  provides  a  24  x  80 
character  display  on  a  video  monitor. 

Delivery  is  stock  to  30  days,  dependent  upon 
color  choice  and  optional  features. 

For  further  information  contact  Micon  In- 
dustries, 252  Oak  Street,  Oakland,  CA  94607; 
(415)  763-6033. 
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LONG  ISLAND 

COME  SEE    WHAT  A  "REAL 


COMPUTER  STORE 


LOOKS  LIKE 

MICROCOMPUTERS 

PERIPHERALS 
ACCESSORIES 


IMSAI8080 

BYTE-8 

SWTP  MP68 

CROMEMCO 

PROCESSOR     TECH 

INTERFACES  (KITS  or  ASSEMBLED  UNITS) 


MEMORY  EXPANSION 
COLOR  TV  GRAPHICS 
LEAR  SIEGLER  ADM  3 
PAPER  TAPE  READER 


p.FFOCQ 


^ 


PROGRAMS  AND  SOFTWARE 

VARIOUS  BASICS  —  TINY.  4K,  8K  and  12K. 
FOCAL  —  DOS  -  GAMES  —  BUSINESS  APPLICATIONS. 


BYTE 

SttQP 

5OTEB      ^ 


ALSO   AVAILABLE 


APPLE  1 
MODEMS 


CASSETTES 
TERMINALS 


FLOPPIES 
DEC.  WRITERS 


BUSINESS  APPLICATION  INQUIRES  INVITED 
SYSTEM  DEMONSTRATIONS  AND  LITERATURE  /  MAGAZINES. 

BYTE  SHOP  EAST,  INC. 

27-21  HEMPSTEAD  TURNPIKE 

LEVITTOWN,  LONG  ISLAND 

(516)731-8116 

TWO  BLOCKS  EAST  OF  WANTAGH  PKWY. 

HOURS:   TUES.  thru  FRIDAY        11  to  9 
SATURDAY  10  to  5 
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I/O  Card 


Microprocessor/Interface 
Board  Offers  Multi-Level  Bussing 

A  new  Plugboard  accommodates  up  to  two 
supply  voltage  levels.  Designated  Model  4350, 
the  board  has  copper  cladding  on  opposite  sides 
for  shielding  and  to  supply  primary  power  (plus 
on  one  side,  negative  on  the  other).  Interwoven 
zig-zag  lines,  also  on  opposite  sides,  facilitate 
power  distribution.  The  combination  allows  con- 
venient use  of  both  MOS  and  TTL  devices. 

The  large  7  in.  by  9.6  in.  board  will  hold  63 
fourteen-  or  sixteen-pin  DIPs.  Alternately,  five 
24-pin  microprocessors  and  45  DIPs  may  be 
placed  in  the  main  field.  Either  socket  blocks  or 
individual  socket  pins  may  be  mounted  to  order, 
or  the  board  will  mount  40-pin  microprocessor 
(0.6  in.  tab  spacing)  units. 

The  boards  are  priced  at  $14.95  each  in  1-19 
quantity  with  quantity  discounts  available. 

For  further  information  contact  Vector 
Electronic  Co..  Inc.,  12460  Gladstone  Ave., 
Sylmar,  CA  91342;  (213)  365-9661 ;  TWX  910- 
496-1539 
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Exorciser/Micromodule-Compatible 
Analog  I/O  System 

Motorola  Microsystems  has  expanded  the 
Micromodule  Family  of  OEM-oriented  products 
by  adding  a  modular  data  acquisition  system  to 
the  line.  The  system  consists  of  an  8-channel, 
differential-input  module  called  Micromodule  5A 
(MM5A),  a  1 6-channel,  single-ended-input 
module  (MM5B)  and  a  4-channel  analog  output 
module  (MM5C). 

The  analog  input  voltage  range  of  the 
MM5A&B  is  ±10  mV  to  ±10  V;  the  input  cur- 
rent range  is  4  to  20  mA  or  10  to  50  mA  (resis- 
tor programmable).  Input  impedance  is  100  meg 
Ohms;  amplifier  gain  range  is  1  to  1000  V/V 
(resistor  programmable). 

The  MM5A&B  both  contain  an  input  multi- 
plexer, a  high  gain  instrumentation  amplifier, 
sample/hold  circuit,  12  bit  A/D  converter,  tim- 
ing/control/address decode  logic  and  a  +5  V  to 
±15  V  dc-dc  converter.  Throughput  accuracy  is 
±0.025%  Full  Scale  Range  (±10  V  input): 
conversion  time  is  33  microseconds  (±10  V  in- 
put). Sample/hold  aperture  time  is  30  nano- 
seconds; common  mode  rejection  ration  (for 
differential  inputs  is  74  dB  (DC  to  2  KHz). 

For  further  information  contact  Motorola 
Microsystems,  (602)  244-6815  or  the  Techni- 


cal Information  Center,  Motorola  Semiconduc- 
tor Products,  Inc.,  P.O.  Box  20294,  Phoenix.  AZ 
85036. 
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ROCHE  Assembler  I/O 

RO-CHE  SYSTEMS  announces  a  new  8080 
CPU  Assembler  for  use  with  their  Multi-Cassette 
Controller.  This  new  assembler  (Assem  1.0)  now 
makes  it  possible  to  assemble  source  code 
programs  larger  than  memory. 

The  Multi-Cassette  Controller  allows  an  8080 
computer  to  read  or  write  individual  records  to 
any  of  four  software  selected  recorders,  rather 
than  blocks  of  data.  Normally  with  a  two-pass 
assembler  the  source  code  resides  in  memory. 
The  RO-CHE  Assem  1.0  reads  the  source  code 
from  cassette  tape  record  by  record  and  builds  a 
symbol  table  during  the  first  pass.  During  the 
second  pass  the  source  is  read  again  and  the  ob- 
ject code  is  created  and  stored  in  memory.  Upon 
completion  of  the  second  pass  the  assembled 
program  may  be  executed  or  dumped  to 
cassette. 

Assem  1.0  is  available  from  RO-CHE 
Systems,  7101  Mammoth  Ave.,  Van  Nuys,  CA 
91405,  for  only  $10.00.  Included  is  the  Assem 
1.0  and  line  editor  on  cassette  tape  with  an  in- 
struction manual. 
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(joint  Venture  GrOUP    OEM    Buys 


DISCOUNT  DISTRIBUTION 


Message  Service: 
13011  779-7998 


Call  only  on 
Mon.,  Wed.,  or  Fri. 


7338  BALTIMORE  AVENUE;  SUITE  200 
COLLEGE  PARK,  MARYLAND  20740 

SPECIAL! 


TIME-SHARING      COMPUTER      TV    TERMINAL  KIT $999 

plus  shipping  and   handling- consists  of   a   Pennywhistle   modem,   an  ADM-3A  kit,   plus  addressable  cursor 
i         option,  plus  upper-lower  case  option,   plus  'M  lines  by  80  columns,  plus  cable.  * 


SPECIAL! 


IMSAl 
IMSAI 
IMSAl 
EXP-22 


_$594.15 


box  with  TDL's  Z-80?794.60 

box    with    TDL's    Z-80    + 

$839.80 


MSAI    bus 15%  OFF  LIST 

SPHERE 10%  OFF  LIST 

NORTH  STAR     OS*   dfive  and  controller 5%  OFF  LIST 

TDL ZPU,  Z16K    etc_ „ 10%  OFF  LIST 

PERSCI  Dual  HoDfJv  6  intelligent  controller  '270  &  10701   __$  1395.00' 
SHUGART  MINIFLOPPY S375.00* 


MSI  I 


ADM-3K  ■    ,-)dcirr:ss.ii)ie  cursor  $925  00  lis t_ 

700"  model  M3.S1395  00  let 

Pennywhistle  modem  

rXSTRAL  20GQ  * 


v  disk  systei 


OFF  LIST 
OFF  LIST 
OFF  LIST 
OFF  LIST 
OFF  LIST 


SEALS  8K  Bail 

CROMEMCO  DarzlfH 

SANYO  TV  Momters 

TEC  9900-SS-UF   TI9900  16  bi!  microP.   32  bn  1/0.  sockets 

mull    b  div  ,  buttered  bus,  8  priority  interrupts,  eic 

TEC  9900-MA  32KB  32<  bvies  Dynamic 

Nat    Multiplex  digital  tape  recorders    t0Ji 

AXIOM  80  column,  160  char  sec   5"  Darjsr 

n.ir ■!  list  66b  00 10°, 

-.i...,i'i!M  740  (X.) 10", 


I  705  0 


_10° 


_ $279,00 
_ $649.00 
OFF  LIST 

OFF  LIST 
OFF  LIST 
OFF  LIST 


All  AMD  dims  are  PRIME  FACTORY  TESTED  for  MIL  STD  883C 


SI  90' 

SI  85' 

SI  75" 

SM  00 

520.00' 

2708  1024X8  EPROM 

$65.00 

I702A  2048  bit   EPROM 

sr  no* 

9102                 400ns5 
2102                 3R0n^ 

S1.95- 
$2  50- 

7HCI      Pin 

8228  system  controller 

8224  clock  Generator 

$5.50" 

8255/9555  PPI  Interface 
8080       SCI 

59.50" 

9130. 40    500ns 

$10  00* 

iver 


25LS138  1  of  8  decoder  _ 
8251/9551  PC  Interlace 
2900  4  bit  slice    ____ 
9130-40     200ns 


add  25  (or  socket  &  cao 
add  .25  for  socket  b  cap 
add  .25  for  socket  &  cap. 

SI  5.00 

S2.50' 

SI. 10' 


_$9.50' 


Send  $2.00  for  Newsletter -Tipsheet  and  flyers 


Minimum  prder  $100:1  For  shipping  and  handling  charges  add  4%  for  first  $500  of  order.  3%  of  next  $1000,  2%  for  next  $1000,  1%  for 
next  $2500:1  Full  prepayments  for  discounts:)  orders  bulked  for  lowest  discount  on  OEM  Group  buvs:|  prices  and  products  subject  to  chanrje 
without  notice:|  Except  for  OEM  buys,  delivery  usually  3-6  weeks  after  acceptance  of  order:|  Allow  15  working  days  for  personal  checks  lo 
clear  or  send  bank  or  certified  check:|  Purchase  orders  and  collect  orders  refused  for  discount  prices.  *OEM  Joint  venture  group  buy 
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PCI  Boards  Offer 
Unlimited  Potential 

Both  the  Altair  88- Process  Control  Interface 
board  and  the  new,  similarly  designed  680b- 
Process  Control  Interface  board  enable  Altair 
computers  to  communicate  with  the  real  world 
of  relays,  switches,  motors,  fans,  contacters, 
alarms,  solenoids,  lights,  heaters  and  many  other 
electromechanical  devices.  The  680b-PCI  and 
the  88-PCI  boards  can  be  used  in  almost  any  in- 
stance where  the  computer  must  control  large 
amounts  of  power. 


Prototyping  Board  Simplifies 

Microprocessor  Design 

and  Checkout 

A  new  hardware  development  tool  for  micro- 
processor-based systems  that  allows  a  user  to 
configure  an  accurate  prototype  with  a  minimum 
of  design  effort  is  now  available  from  Signetics. 

Called  the  Adaptable  Board  Computer  (ABC), 
the  prototyping  tool  matches  the  accuracy  of  a 
development  system  built  from  scratch  with  the 
convenience  of  a  pre-assembled  prototyping 
card. 


Each  board  has  eight  relay  outputs  with  SPST 
operation  that  are  capable  of  switching  1  amp  at 
120  VAC.  But  with  external  relays  added,  the 
amount  of  power  that  can  be  controlled  is  essen- 
tially unlimited.  Both  boards  also  have  optically- 
isolated  inputs,  which  can  be  configured  to 
accept  a  wide  range  of  input  signals. 

Two  pairs  of  optically-isolated,  software- 
controlled  "handshake"  lines  are  also  provided 
for  interfacing  with  external  devices.  All  lines  are 
isolated  and  balanced  for  operation  in  electrically 
noisy  environments. 

For  further  information  contact  MITS,  2450 
Alamo  S.E.,  Albuquerque.  NM  87106. 
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Signetics'  ABC  comes  complete  with  a  2650 
microprocessor,  ROM  and  RAM,  input/output 
ports  and  a  system  clock.  The  unit  can  be 
adapted  to  multiple  configurations  by  a  system  of 
jumper  wires  and  additional  plated-through  holes 
that  can  be  used  to  add  components  and  change 
the  basic  board. 

The  ABC  system  consists  of  a  printed  circuit 
board  with  circuitry  designed  to  meet  a  broad 
range  of  prototyping  requirements;  a  2650 
microprocessor;  1000  bytes  of  ROM  that  in- 
cludes PIPBUG.  a  Signetics-developed  loader, 
editor  and  debug  program;  512  bytes  of  RAM; 
both  serial  and  parallel  input/output  ports;  and  a 
dual  monostable  on-board  clock. 


The  Signetics  ABC  system  is  available  in 
either  card  form  or  as  a  kit.  The  card,  which  is 
completely  assembled  and  tested,  is  priced  at 
$275  in  unit  quantities.  The  kit,  which  comes 
complete  with  all  ICs,  resistors  and  capacitors,  is 
priced  at  $190.  Both  versions  are  available  from 
stock  through  Signetics  and  its  authorized  dis- 
tributors. 

For  further  information  contact  Signetics,  81 1 
East  Arques  Ave.,  Sunnyvale,  CA.  94086:  phone 
(408)  739-7700. 
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The  WW-1  General  Purpose 
Wire  Wrap  Module 

The  WW-1  wire  wrap  board  is  based  on  the 
Wyle  Computer  Products  standard  44-pin,  3.25" 
x  4.5"  microcomputer  and  digital  logic  module 
configuration.  The  WW-1  module  contains  14 
rows  of  20  pins  each.  The  rows  are  spaced  on 
0.3"  centers  for  direct  insertion  of  any  com- 
bination of  most  IC  chips,  from  eight  to  40  pins. 
Special  DIP  packages  such  as  switches  and 
relays,  along  with  a  variety  of  discrete  com- 
ponents can  also  be  inserted.  Power  and  ground 
are  bussed  throughout  the  board  for  connection 
to  specific  pins  as  dictated  by  user  needs.  Also 
selectable  for  user  wiring  are  12  card  edge  test 
points  and  the  44  module  input/output  connec- 
tions. Since  no  chip  sockets  are  used  and  the 
wiring  of  all  pins  is  user  defined,  the  WW-1  can 
accept  a  wide  variety  of  chip  types  and  con- 
figurations. These  could  typically  be:  35,  8  pin 
chips;  or,  14,  14  or  16  pin  chips  plus  7,  8  pin 
chips;  or  4,  40  pin  chips  plus  2,  14  or  16  pin 
chips;  plus  many  other  combinations;  com- 
ponent density  can  be  anything  that  the  user 
desires. 

For  further  information  contact  WYLE  COM- 
PUTER   PRODUCTS,    A    Division    of    Wyle 
Laboratories.  3200  Magruder  Blvd.,   Hampton, 
Virginia  23666;  (804)  838-0122. 
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320H  X  200V  Super  Dense  Graphics  Add- 
On  Board  to  Merlin 

The  Super  Dense  Graphics  is.  like  the  rest  of 
the  MERLIN  system,  software  programmable. 
When  plugged  into  the  MERLIN  Video  Interface, 
the  Super  Dense  Graphic  mode  replaces  the 
sparse  graphic  (80  x  100)  mode  and  responds  to 
sparse  graphic  mode  commands. 

The  Super  Dense  Graphics  board  allows  any 
8k  segment  of  computer  memory  (which  may 
programmably  start  anywhere  in  memory)  to  be 
displayed  as  64,000  graphics  dots  in  a  320H  x 
200V  graphics  array.  All  graphic  dots  are  lo- 
cated on-screen.  Each  graphic  dot  represents  the 
state  of  one  bit  of  computer  memory  and  may 
therefore  be  individually  controlled.  The  displayed 
information  may  be  changed  rapidly  by  altering 
the  contents  of  the  8k  segment  of  memory  or,  by 
switching  to  another  8k  segment  by  program- 
ming a  new  starting  address  into  the  MERLIN 
scroll  register.  Horizontal,  vertical,  and  diagonal 
scrolling  effects  are  possible  by  incrementing  or 
decrementing  the  scroll  register.  The  displayed 
information  is  not  blanked  while  changing  the 
screen  information  due  to  the  DMA  architecture 
of  the  MERLIN  Video  Interface.  The  Super  Dense 
320H  x  200V  resolution  is  fine  enough  to  allow  a 
totally  mixed  character  and  graphics  display 
presentation  by  software  generation  of  dot 
matrix  characters.  Super  Dense  Graphics  also 
functions  in  the  normal  split-screen  mixed  char- 
acter/graphics mode  of  MERLIN  in  which  the 
characters  are  hardware  generated. 

For  further  information  contact  MiniTerm 
Associates,  Inc.,  Box  268,  Bedford  MA  01730; 
(617)  648-1200. 
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EXPERIMENTOR™  Series 
Solderless  Breadboard 

EXPERIMENTOR'"  300  and  EXPERIMENTOR 
600  sockets  feature  extremely  low  cost,  full  fan- 
out  with  .3"  and  .6"  DIPs  and  snap-together  ver- 
tical/horizontal interlocking. 


Continental  Specialties  Corporation,  a  leading 
manufacturer  of  electronic  breadboarding 
equipment,  test  equipment  and  accessories  has 
announced  two  new  professional-quality 
solderless  breadboarding  sockets,  which  com- 
bine a  number  of  highly  desirable  features,  yet 
are  "hobbyist-priced"  —  starting  under  $10.00. 
Designated  EXPERIMENTOR  300  and  EX- 
PERIMENTOR 600,  the  new  one-piece  sockets 
both  provide  94  five-point  terminals,  plus  two 
40-point  bus  strips,  for  a  total  of  550  solderless 
tie-points.  EXPERIMENTOR  600,  priced  at 
S10.95  suggested  list,  has  a  Vm"  center  channel, 
making  it  the  only  socket  currently  on  the  market 
with  full  4-terminal  fan-out  for  microprocessors, 
clock  chips.  RAM's  ROM's  and  other  larger  DIP 
packages.  EXPERIMENTOR  300,  priced  at  $9.95 
suggested  list,  has  a  3'i<>"  center  channel  that  is 
perfect  for  smaller  DIPs. 

For  further  information  contact  CSC  at  44 
Kendall  Street.  Box  1942,  New  Haven,  CT 
06509;  (203)  624-3103  or  351  California 
Street,  San  Francisco.  CA  94119;  (415)  421- 
8872. 
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6800  Wire  Wrap  Card  For  SWTP  6800 
Computer  Systems 

The  MSI  Wire  Wrap  Card  is  designed  to  plug 
into  the  SWTP  6800  Computer  Bus.  The  card  is 
9"  wide  by  BH"  high  and  contains  a  44  pin  con- 
nector on  the  top  edge  of  the  card  for  connec- 
tions to  external  devices.  Molex  connectors  at- 
tach to  the  bottom  edge  to  allow  the  card  to  be 
plugged  into  the  main  50  pin  bus  of  the  6800 
system. 


^    # 


Busing  is  provided  for  +5V.  and  ground  as 
well  as  a  position  for  a  7805  five  volt  regulator 
with  heat  sink.  Additional  pads  are  provided  for 
the  installation  of  discreet  components.  The  kit  is 
furnished  with  the  Molex  bus  connectors  in- 
cluded. 

Wire  Wrap  Card.  Model  WW-1  costs  $25.00 
Kit;  Wire  Wrap  Card  with  5V  regulator  and  heat 
sink,  Model  WW-1R  costs  $35.00  Kit;  Wire 
Wrap  Sockets:  14  pin,  each  S  .75.  16  pin.  each 
$  .80,  24  pin,  each  $1.50,  40  pin,  each  $2.50. 

For  further  information  contact  Midwest  Scien- 
tific Instruments,  220  W.  Cedar,  Olathe,  KS 
66061;  (913)  764-3292. 
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M712  Bi-Directional  I/O  Port 


The  M712  from  MicroLogic  is  an  8-bit  parallel 
I/O  port  consisting  of  a  bidirectional  data  bus  and 
four  hardware-generated  strobe  signals  (2  input. 
2  output).  It  is  a  single  Altair  bus  compatible  card 
and  will  operate  with  all  Altair/lmsai/Sol/Poly- 
morphic  CPUs. 

The  M712  is  the  simplest  and  most 
economical  way  to  interface  the  DG  cassette 
system  since  it  was  designed  specifically  for  that 
purpose. 

Deliveries  of  the  M712  will  begin  March  1. 
Price  is  $69.95  kit,  $79.95  assembled  and 
tested.  All  MicroLogic  PC  boards  are  top-quality, 
plated-thru,  gold-plated  contacts,  and  all  ICs  are 
socketed. 

For  further  information  contact  MicroLogic, 
P.O.  Box  55484,  Indianapolis,  IN  46220;  (317) 
259-4289. 
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Super  Strips  Solderless  Breadboards 

Unlike  some  competitive  solderless  bread- 
boards. Super  Strips  have  a  narrow  center 
channel  to  accept  both  LSI  and  standard  DIP 
packages  on  the  same  board. 


The   five-hole   rows  on  each  side  of  center 
represent  the  five  tie  points  on  each  spring-clip 
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"terminal"  within  the  board.  There  are  64  such 
rows  on  each  side  of  center.  Components  and 
connecting  wires  plug  directly  into  the  spring  clip 
tie-point  behind  each  hole. 

Eight  longer  groups,  toward  the  outside,  bus 
supply  voltages  and  signals. 

Super  Strips  cost  just  $17. 

For  further  information  contact  AP  Products 
Inc..  Box  110,  72  Corwin  Drive,  Painesville,  OH 
44077;  (216)  354-2101. 
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Four  Analog  I/O  Single  Board  Systems 
Mate  with  DEC  LSI-11 

A  complete  family  of  analog  input/output 
systems,  built  to  exactly  interface  with  Digital 
Equipment's  LSI-11  microcomputer,  have  been 
announced  here  by  Data  Translation  Inc. 


The  new  systems  are  designed  to  handle  both 
industrial  and  laboratory  applications  for  the  pop- 
ular 16  bit  microcomputer.  The  four  different 
systems  are  each  built  on  a  single  quad  size 
board. 

All  models  are  available  in  2  to  4  weeks  ARO. 

For    further     information     contact     Data 
Translation,  Inc.,  23  Strathmore  Rd.  Natick,  MA 
01760;  (617)  655-5300,  Telex  948474. 
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MFE's  Option  214PAR 
Simplifies  Computer  Interface 


MFE's  new  8-bit  Parallel  I/O  board  Option 
214PAR  provides  a  "Universal"  interface  for 
almost  all  mini-  and  micro-computers  and  other 
parallel  interfaces. 


MFE  Computer  Access  Systems'  Model  250B 
Digital  Cassette  Transport  with  8  bit  PARELLEL 
I/O  Board.  This  provides  "universal"  I/O  com- 
patibility for  Minicomputers,  Microcomputers, 
and  other  8  bit  ASCII  devices.  I/O  provides  (8) 
INPUT  lines,  (8)  OUTPUT  lines.  (8)  CONTROL 
lines,  and  (5)  INTERRUPT  lines.  Total  power  ±5v 
and  - 1 2v.  ANSI/ECMA  compatible  tapes,  up  to 
32.000BPS  transfer  rate.  10-40ips  R/W/Search. 
80-120ips  rewind.  I/O  is  all  TTL  logic. 

The  single  unit  price  is  $325.00.  OEM  dis- 
counts are  available.  Delivery  is  two-three  weeks 
ARO. 

For    further     information     contact     MFE, 
Keewaydin  Drive,  Salem,  NH  03079;  (603)  893- 
1921,  TWX  710-366-1887,  Telex  94-7477. 
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Single  Board  Analog  I/O  System  Mates 
with  New  Intel  Single  Board  Micro- 
computer 

A  complete  single-board  analog  input  and 
output  system,  built  to  be  exactly  compatible 
with  Intel's  new  single  board  SBC  80/10  micro- 
computer, has  been  announced  here  by  Data 
Translation,  Inc. 


- 


The  new  system,  the  DT1751,  offers  a  16 
channel  high  speed  data  acquisition  system,  at 
the  input,  2  Digital  to  Analog  converter  channels 
at  the  output,  and  a  program  I/O  and  interrupt  in- 
terface to  the  SBC  80/10,  as  well  as  to  Intel's 
MDS-800.  The  Intel  microcomputer  together 
with  the  DT1751  form  a  complete  computerized 
data  acquisition  and  analog  output  system  for 
monitoring  and  control  applications  in  industrial 
and  laboratory  processes.  The  DT1751  is 
available  in  two  weeks  ARO  and  is  priced  at 
$595  in  100  quantity. 

For     further     information     contact     Data 
Translation,  Inc.,  23  Strathmore  Rd.,  Natick,  MA 
01760;  (617)  655-5300,  Telex  948474. 
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Customer  Service     IS     Our  Business!! 


VENTURY  FWY 


VENTURA  8LVD 


at  People's  Computer  Shop 

1 3452  VENTURA  BLVD.,  SHERMAN  OAKS,  CA. 

=  Systems  Galore!! 


DIGITAL  GROUP  Z-80  SYTEM 


743  KSR 


SEALED  BID  FOR  1st  &  2nd 
ISSUES  OF  "BYTE."  30  AVAIL. 
CLOSES  MARCH  10th.  1977 


PEOPLE'S  APPLICATION  SYSTEMS: 
Financial  Anaylysis  Packages 
Management  Science  Packages 
Accounting  Packages 
Scientific  Programs 
Medical  Management  System  Avaiiabies-on 

Market  Tested!! 


SPHERE  300 


BARGAIN  CORNER: 

TELETYPE  $295 

SC-MP  KIT  $  90 


H0UR8: 


12-9:30  PM  TUE-FRI 
10-6:00  PM  SATURDAYS 
12-5:00  PM  SUNDAYS 


ALL  CHARGE  CARDS  HONORED 
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12-DE-HEX  Breadboard 


Combining  LSI  and  SSI  parts  on  a  single 
breadboard  which  is  compatible  with  Digital 
Equipment  Corporation's  PDP-11  and  PDP-8a 
mini-computers  is  now  possible  with  the  1  2-DE- 
HEX. 


The  new  board  provides  space  for  up  to 
twenty-four  24  pin  and  fifty-four  14  or  16  pin 
integrated  circuits  or  their  equivalent,  and  can  be 
furnished  with  sockets  and  wire  wrap  pins 
installed  as  an  option. 

The  board  is  made  of  FR-4  glass  epoxy 
finished  with  a  solder  plate  and  gold  connector 
tabs,  with  all  holes  plated-thru  to  a  diameter  of 
.038,  and  is  in  stock  for  immediate  shipment. 

For  further  information  contact  Douglas 
Electronics  Inc.,  718  Marina  Blvd.,  San  Leandro, 
CA  94577. 
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Single  Board  Expander  Turns 
Single  Board  Computer  into 
Micro  Development  System 


The  EBKA  Single  Board  Expander  consists  of 
six  separate  functions  on  one  circuit  board  that 
can  be  built  in  stages.  The  board  is  designed  to 
connect  directly  to  the  system  bus  of  any  micro- 
computer based  on  a  6502  or  6800  micro- 
processor and  is  buffered  to  prevent  bus  loading. 


Functions  of  the  board  are:  2  K  PROM,  1  702 A 
PROM  programmer,  4K  RAM,  PIA  parallel  inter- 
face, 2  ACIA  serial  interfaces,  and  a  dual  audio 
cassette  adapter. 

The  basic  kit  sells  for  S65.00  and  includes  the 
circuit  board  as  well  as  all  parts  required  to  sup- 
port 2K  bytes  of  1  702A  PROM  (PROM's  not  in- 
cluded). 

The  1702A  PROM  programmer  kit  includes 
its  own  high  voltage  power  supply  which  mounts 
on  the  board.  This  kit  includes  operating  software 
that  allows  loading  and  dumping  of  PROM's 
directly  from  the  computer's  memory.  All  com- 
mands can  be  supported  by  an  ASCII  or  HEX 
keyboard.  Price  is  $105.00. 

Separate  buffers  and  decoders  are  provided 
with  the  4K  RAM  kit  which  sells  for  $180.00. 

For  further  information  contact  EBKA  In- 
dustries, 6920  Melrose  Lane,  Okla.  City,  Okla. 
73127. 
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Single  PC  Card  for  S-100  Bus 

Includes  Both  Cassette  and 

RS-232  Interface  Circuits 

GARLAND.  Texas  —  January  12.  1977  — 
PerCom  Data  Company  today  introduced  the  first 
Imsai/ALTAIR  compatible,  dual  Cassette/Ter- 
minal interface  card. 

Designated  the  CI-812,  the  dual  function  card 
combines  interfacing  functions  normally  requir- 
ing two  or  three  PC  cards. 


The  cassette  interface  phase  encodes 
(Manchester/Biphase)  at  the  KC  Standard  rate  of 
30  bytes/second,  and  at  60.  120,  or  240 
bytes/second  for  rapid  loading  of  frequently  used 
programs.  In  fact,  the  CI-8 1 2  is  the  only  interface 
on  the  market  today  which  provides  both  KC 
Standard  and  high  speed  phase  encoding. 

The  advantage  of  self-clocking  encoding,  ac- 
cording to  Mauch,  is  that  users  can  expect  ex- 
tremely high  reliability,  even  at  the  fastest  data 
rates,  using  simple,  inexpensive  audio  cassette 
recorders. 

The  cassette  interface  record  and  playback  cir- 
cuits are  completely  independent,  and  the  card  is 
patterned  to  include  optional  DIP  reed  relays  — 
which  may  be  ordered  as  a  kit  —  for  program 
control  of  two  recorder/players.  This  permits 
operations  such  as  cross-filing. 

The  CI-812  companion  circuit,  the  RS-232 
terminal  interface,  is  full  duplex  and  provides  for 
data  exchange  at  300  to  9600  baud. 

The  CI-812  has  been  designed  to  operate  with 
existing  user's  software  with  little  or  no  modifi- 
cation. 

The  CI-812  kit  price  is  $89.95.  Assembled,  it 
costs  $119.95.  An  instruction  manual  is  in- 
cluded. 

For  further  information  contact  PerCom  Data 
Company,  4021  Windsor,  Garland,  TX  75042. 
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Extender  Board  6-DE-HEX-C 

An  extender  board  for  Digital  Equipment 
Corporation's  PDP-11  and  PDP-8a  mini- 
computers is  now  available. 


The  board  is  made  of  FR-4  glass  epoxy 
finished  with  a  solder  plate  and  gold  connector 
tabs.  Sockets  are  glass  filled  alkyd  with  gold 
plated  bifurcated  bellows  contacts. 

Designated  the  6-DE-HEX-C.  the  board  is 
available  for  immediate  shipment  from  stock. 

For  further  information  contact  Douglas 
Electronics  Inc.,  718  Marina  Blvd.,  San  Leandro, 
CA  94577. 
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F8  OEM  Controller  Board  Set 


CPU  board  with  1  K  of  static  ram,  sockets  for 
4K  of  EROM  (#800  uses  1702A's  &  #801  uses 
2708's).  32  I/O  lines,  FAIRBUG  TTY  monitor  & 
TTY  20mA  interface,  all  chips  are  on  sockets  for 
easy  repair  or  conversion  to  extended  temp 
range  chips. 


WIREWRAP  PROTOTYPE  BOARD  with  two 
386 1  PIO  chips  having  32  I/O  lines,  two  external 
interrupts  and  two  real-time  clocks.  Socket 
locations  for  a  wide  assortment  of  40,  28,  24,  1 6 
and  14  pin  chips  as  well  as  transistors  and  trim 
pots  for  analog  circuits.  Top  edge  has  holes  for 
3M  wirewrap  connectors.  $75.  MOTHERBOARD 
with  8  72-pin  connectors,  power  connector  and 
daisy-chain  interrupt  structure.  Assembled  and 
tested  for  $125.  POWER  SUPPLY  by  Lamba,  5V 
@  3A,  +12  &  -12  @  3A,  Same  size  as  board 
set  for  easy  packaging.  S125. 

For  further  information  contact  Micrologic 
Systems.  1201  S.  Clover  Dr..  Bloomington,  MN 
55420. 
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FD0300  Floppy  Disk  Controller 


The  FD0300  Floppy  Disk  Controller  is  a 
complete  preprogrammed  controller  for  IBM 
compatible  disk  drives.  It  performs  control  func- 
tions required  to  transfer  data  between  1  to  4 
disk  drives  and  a  host  system.  The  FD0300  also 
performs  all  formatting  functions  required  to  read 
and  write  data  according  to  IBM  3740 
specifications. 


The  General  Purpose  Host  Interface  interprets 
commands  received  from  the  host  system  which 
allow  data  to  be  addressed  and  transferred 
between  the  floppy  disk  drive  and  host  system. 
The  implementation  of  these  macro  level  com- 
mands by  the  FD0300  minimizes  host  system 
interface  circuitry  and  overhead  functions. 

For  further  information  contact  Scientific 
Micro  Systems,  Inc.,  520  Clyde  Ave.,  Mountain 
View,  CA  94043;  (415)  964-5700,  TWX  910- 
379-6577. 
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Memory  Cards 


PROM/RAM  Board 

1 K  RAM,  for  stack  storage,  no  need  to 
relocate  when  adding  memory.  Room  for  2K, 
1702A  type  PROMs  to  store  programs  such  as 
Monitors,  Bootstrap  Loaders  and  Video  Drivers. 


tidiuy 


A  Jump-On-Reset  feature  means  that  a 
PROM  program  can  be  executed  at  any  location 
in  memory  without  interfering  with  any  other 
portion  of  memory.  The  board  is  solder  masked 
both  sides  and  silk  screened  and  has  its  own 
regulators,  and  is  S-100  bus  compatible. 

Optional  Firmware  available  for  use  with 
Altair'",  IMSAI  or  Polymorphic  I/O  boards  is  a 
512  byte  Monitor  Program  that  reads  and  writes 
Tarbell  cassette;  loads  and  goes;  verifies  tape; 
generates  sync;  displays,  programs  and  tests 
memory;  goes  to  any  location. 

The  kit,  without  1702A  PROMs  is  $89.  With 
the  512  Byte  Monitor  Program  it  is  $129  and 
$159,  depending  on  I/O  board.  An  extra  $40  is 
charged  for  assembly. 

For    further     information     contact    Vector 
Graphics",  717  Lakefield  Rd.,  Suite  F,  Westlake 
Village,  CA  91361;  (805)  497-0733. 
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Memory  Systems 

The  64Ktm  is  a  standalone  memory  system 
with  greater  flexibility  not  ordinarily  available 
from  add-in  memory. 

The  64Ktm  comes  assembled  and  tested  with 
its  own  power  supply,  attractively  housed  in  an 
aluminum  cabinet,  ready  to  plug  into  your 
system.  Pseudo-static  operation:  onboard  refresh 
clock-generator  provides  processor  independent 
refresh  with  no  wait  states.  The  300ns  worst 
case  access  time  enhances  high  speed  operation. 
Power/Fail  detection  circuitry  and  battery  backup 
provide  non-volatile  memory.  (Batteries  and 
Charger  circuitry  are  optional  at  extra  cost.)  The 
64Ktm  is  fully  buffered,  presenting  one  TTL  load 
to  the  memory  bus. 

Compatibility  with  various  system  archi- 
tectures is  achieved  by  the  use  of  different  plug- 
compatible  interface  cards  and  cable,  and  is 
switch-selectable  between  8080  and  Z-80 
microprocessors. 

We  currently  offer  digital  group  and  ALTAIR'" 
interface  cards:  a  plug  card  and  cable  will  be 
furnished  for  the  particular  bus  architecture 
specified.  Memory  protect  is  switch  selectable  in 
increments  of  8K,  on  8K  boundaries.  User  has  a 
choice  of  a  freestanding  or  a  rack-mountable 
cabinet.  THIS  MEMORY  SYSTEM  IS  CAPABLE 
OF  EXPANSION  TO  OTHER  BIT  WORD 
LENGTHS.  The  minimum  complement  of  mem- 
ory is  40K  bytes  @  $1490.00;  64Ktm  bytes  % 
$1750.00. 

For  further  information  contact  Prime  Radix, 
Inc.,  P.O.  Box  1 1245,  Denver,  CO  8021  1 ;  (303) 
422-7040. 
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DYNABYTE's  S100  Bus 

A  new  high  in  S100  Bus  memory  cost 
effectiveness.  Fully  assembled  (with  sockets), 
tested,  burned-in  and  guaranteed. 


4Kx1  dynamic  memory  chips  (the  same  ones 
used  by  the  tow  in  IBM  compatible  memory 
systems)  combined  with  self-contained  control 
logic,  yield  a  memory  system  with:  low  power  con- 
sumption, total  board  5  watts;  transparent 
refresh,  which  means  the  memory  looks  static  to 
the  outside.  No  waiting.  In  fact,  Xrdy  is  not  even 
connected  to  the  memory;  full  DMA  capability; 
reliable,  low  level  clock  and  control  signals. 

Dynabyte  brings  to  the  X-100  Bus  a  far 
superior  design  than  what  is  available  on  the 
market  plan  today.  16K  on  a  single  board  for 
$485.00. 

For  further  information  contact  R.H.S. 
Marketing,  2233  El  Camino  Real,  Palo  Alto,  CA 
94306;  (415)  321-6639. 
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Low-Power  EPROM 

Dallas,  February  4,  1977  —  Low-power, 
8192-bit,  ultraviolet  light  erasable,  electrically 
programmable,  read-only  memory  (EPROM) 
designated  the  TMS  27L08,  has  less  than  half 
the  power  consumption  of  pin-compatible  de- 
vices like  the  Tl  TMS  2708  and  the  Intel  device 
with  the  same  part  number. 


New  features  incorporated  in  the  TMS  27L08 
are: 

•  Reduced  power  consumption  -  245  mW 
typical. 

•  Ten  percent  power  supply  voltage  toler- 
ances. 

•  Guaranteed  dc  noise  immunity  in  both  high 
and  low  states  so  that  all  inputs  can  be  driven  by 
Series  74  TTL  circuits  without  use  of  external  pull- 
up  resistors. 

•  Increased  output  drive  capability  (one  Series 
74,  74S,  or  74LS  TTL  circuit). 

For    further    information    contact    Texas 
Instruments,   13500  North  Central  Expressway, 
Dallas,  TX  75222;  (214)  238-2011,  TELEX  7- 
3324,  TWX  910-867-4702,  Cable:  TEXINS. 
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New  1K  CMOS  RAMS 

Two  1,024-bit  CMOS  read-and-write  memory 
components,  organized  into  256  four-bit  words 
and  known  as  the  MM54C920/MM74C920  and 
the  MM54C921/MM74C921,  are  now  being 
marketed  by  National  Semiconductor  Corpor- 
ation. 

These  random-access  read-write  memory  de- 
vices, manufactured  by  state-of-the-art  silicon- 
gate  CMOS  technology,  are  available  in  com- 
mercial and  military  versions  and  with  MIL-STD- 
883  processing. 

The  MM74C920  comes  in  a  22-pin  package 
and  has  separate  Data  IN  and  Data  OUT,  while 
the  MM74C921  is  an  18-pin  version  with  com- 
mon I/O.  The  new  devices  have  the  combined 
advantages  of  a  fast  access  time  of  250  nano- 
seconds for  the  commercial  part,  and  low  oper- 
ating and  standby  power.  "The  74C920  or 
74C921  are  ideal  for  most  microprocessor  POS 
(point-of-sale)  systems,  portable  instruments, 
and  electronic  cash  register  applications.  They 
can  be  used  wherever  battery  backup  is  a  key 
requirement,"  Livingston  said. 

The  74C920  has  the  same  pin  arrangement  as 
the  "2101"  1K  RAM,  with  a  strobe  input  to  re- 
duce power  to  about  3  milliwatts.  In  the  standby 
powerdown  mode,  power  consumption  is  only  a 
few  microwatts. 

The  MM74C920  and  MM74C921  can  be 
ordered  directly  from  National  Semiconductor 
Corporation,  2900  Semiconductor  Drive,  Santa 
Clara,  CA  95051,  or  from  local  distributors.  The 
pricing  is  $12.15  for  100/up  quantities  of  the 
MM74C920  and  MM74C921,  and  $20.10  for 
100/up  quantities  of  the  military  temperature 
range  parts,  MM54C920  and  MM54C921.  Deli- 
very is  from  stock. 

For  further  information  contact  National 
Semiconductor,  2900  Semiconductor  Drive, 
Santa  Clara,  CA  95051.  Telephone  (408)  737- 
5000,  TWX:910-339-9240 
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Low  Cost  16K  X  8  Bit 
Dynamic  Memory 

WWW  Enterprises  announces  the  16K  X  8 
BIT  DYNAMIC  RAM  MEMORY  board.  This  low 
cost  memory  has  an  access  time  of  270  nsec  and 
a  read/write  time  of  470  nsec. 
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The  board  is  compatible  with  the  Sphere  bus 
but  is  easily  interfaced  to  other  hobbyist  buses. 
The  address  lines  are  TTL  compatible  and  the 
data  resides  on  a  bidirectional  tri-state  bus.  The 
start  address  is  selectable  in  4K  increments  from 
0  to  52K.  The  required  voltages  are  +12V,  +5V, 
and  —  5V.  The  board  is  fully  socketed. 

For  further  information  contact  WWW 
Enterprises,  P.O.  Box  548,  Harbor  City,  CA 
90710;  (213)  835-9417. 
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■^^^^  San  Francisco  Bay  Area  -  Where  It  AH  Started  -   Has  Its  First  Home  Computing  Convention 

^  7,000  to  10,000  People 

100  Conference  Sessions 

Publication  of  Proceedings  Being  Planned 

200  Commercial  &  Homebrew  Exhibits 

Special  Interest  Social  Centers 

CO-SPONSORS  INCLUDE  AMATEUR,  PROFESSIONAL,  &  EDUCATIONAL  GROUPS 

To  Be  Held  in  the  San  Francisco  Civic  Auditorium,  Northern  California's  Largest  Convention  Facility 

CONFERENCE  SECTIONS  ON  HOME  COMPUTING 


Being  Plan 

•  Computer  Graphics  on  Home  Computers  • 

•  Computer-Driven  &  Computer-Assisted  Music  Systems  • 

•  Speech  Synthesis  Using  Home  Computers  • 

•  Computers  &  Amateur  Radio  • 

•  Computer  Games:  Alphanumeric  &  Graphic  • 

•  Personal  Computers  for  the  Physically  Handicapped  • 

•  Computers  &  Systems  for  Small  Businesses  • 

•  Tutorials  for  Hardware  Novices  &  Software  Novices 

--AND  MUCH 


ned 

Software  Design  for  Personal  Computers 
Microprogrammable  Microprocessors  for  Hobbyists 
Optical  Scanning  for  Inexpensive  Program  &  Data  Input 
Floppy  Disc  Systems  for  Home  Computers 
Hardware  &  Software  Standards  for  Personal  Systems 
Seminars  for  Club  Leaders,  Editors,  Organizers,  etc. 
Personal  Computers  in  Education  (associated  with  a 
University  of  California  short-course) 

MORE 


PRESENT-WORLD  &  FUTURE-WORLD  BANQUET  SPEAKERS 

Fascinating  Speakers  will  Discuss  the  Past,  Present,  &  Future 
Banquets  to  be  Held  in  San  Francisco's  St.  Francis  Hotel 

Frederik  Pohl,  Science  Fiction  Writer,  &  Lecturer  to  Henry  Tropp,  Smithsonian  Institution  Researcher  in 

NASA,  NY  Academy  of  Science,  etc.  History  of  Computers,  &  Mathematician 

Robots  You  Can  Make  for  Fun  &  Profit  The  1940's:  The  FIRST  Personal  Computing  Era 

John  Whitney,  Pioneer  Computer  Film  Maker  under  Ted  Nelson,  Author,  Director  of  the  Xanadu  Electronic 

grants  from  Natl  Endow,  for  Arts,  Guggenheim,  IBM  Literary  Network,  &  Swarthmore  College  Lecturer 

Digital  Pyrotechnics:  The  Computer  in  Visual  Arts  Those  Unforgettable  Next  Two  Years 

GET  YOUR  FREE  COPY  OF  SILICON  GULCH  GAZETTE 


•  All  the  news  about  the  First  West  Coast  Computer  Faire 

•  Plus  lots  more,  just  to  make  it  interesting: 

—  "Hot  news",  &  raging  rumors  from  "Silicon  Valley" 

(the  San  Francisco  Bay  Area) 

—  Product  announcements,  equipment  descriptions, 

hardware  &  software  news  and 
feature  articles,  etc. 

aprll  15-17,  1©77  - 


•  Details  of  the  Proceedings  of  the  Computer  Faire 

•  Just  write,  &  say:  "Send  me  the  Gazette." 

Jim  Warren,  Faire  Chairperson 
The  Computer  Faire 
Box  1579,  Palo  Alto  CA  94302 
(415)  851-7664 

francisco 
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16K  Low  Power  Static  Memory 

The  16K  RAM  is  an  exceptionally  low  power 
16K  version  of  the  8KM  8K  Static  Memory  from 
Electronic  Control  Technology  which  is  plug-in 
compatible  with  the  ALTAIR.  IMSAI  or  ECT-100 
Microcomputers.  It  requires  only  a  fraction  of  the 
power  required  by  other  "low  power"  memory 
boards.  Less  power  also  means  less  heat. 

The  memory  IC's  utilized  are  4K  static  N-MOS 
RAM's  with  an  access  time  of  200  nS.  No  wait 
or  refresh  states  are  required.  Bus  loading  is 
only  1  low  power  TTL  load  per  line  used.  All  sig- 
nals to  MOS  devices  are  buffered  by  low  power 
TTL  to  prevent  damage  by  static  at  the  edge  con- 
nector. The  PC  board  has  plated  through  holes 
and  gold  over  nickel  plated  fingers.  Low  profile 
sockets  are  provided  for  all  IC's. 

For  further  information  contact  Electronic 
Control  Technology,  P.O.  Box  6  Union,  New 
Jersey  07083 
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4K  Static  Memory  Operates 
At  4  MHz  and  Has  Bank  Select 

RAM  card  is  expandable  to  8  banks  of  64K 
each  or  a  half  megabyte  of  memory. 


The  fast  4MHz  speed  of  the  new  Cromemco 
4KZ  RAM  card  is  achieved  by  using  an  address 
anticipation  strategy.  Addresses  are  applied  to 
the  memory  chips  before  address  information 
appears  on  the  address  bus.  In  this  arrangement 
on-board  address  counters  are  incremented  at 
the  end  of  each  machine  cycle  in  preparation  for 
the  subsequent  cycle.  The  result  is  that  proven 
and  reliable  21  L02  low-power  memory  chips  can 
be  used  at  4MHz. 

For  further  information  contact  Joe  McCrate, 
Cromemco,    Inc.,    2432    Charleston    Road, 
Mountain  View.  CA  94043;  (415)  964-7400. 
CIRCLE  INQUIRY  NO.  297 


New  Auto-Load  Board 

Berkeley.  CA,  Feb.  1  1  an  auto-load  board, 
compatible  with  the  Altair  8800,  is  now  avail- 
able under  the  trade  mark  name  of  Power-Start. 


Basic  advantages  of  Power-Start,  are  that  it 
eliminates  keying  in  of  bootstrap  programs;  eli- 
minates the  need  to  re-set  sense  switches;  and 
allows  the  Altair  8800  to  operate  without  a  front 
panel. 

Because  Power-Start  has  on-board  switches 
that  simulate  the  computer's  front  panel  sense 
switches,  terminal  options  need  be  set  only  once. 
When  utilizing  OEM  or  turn-key  systems  with  the 
Altair  8800,  all  that  is  required  to  use  Power- 
Start  are  on  off  and  reset  switches  rather  than  a 
full  front  board. 


Prices  for  Power-Start  range  from  $165  for 
the  basic  kit  to  $295  for  the  fully  assembled 
auto-load  board  with  ROM. 

For   further   information   contact    Lewis   and 
Associates,  68  Post  Street  Suite  506,  San  Fran- 
cisco, CA  94104;  (415)  391-1498. 
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16K  Static  RAM 

Now  you  can  get  16K  of  memory  for  your 
Altair/IMSAI/POLY  88  in  one  slot.  Features  fast, 
200ns  static  RAMS,  extra  low  power, 
hardware/software  memory  protect  of  each  4K, 
and  low  profile  sockets  for  all  ICs. 


The  board  can  be  set  up  to  interrupt  when 
writing  in  protected  memory  and  any  4K 
segment  is  addressable  to  any  4K  slot.  Optional 
features  include  a  battery  backup  provision  and  a 
special  paging  capability  that  allows  up  to  1 
Megabyte  of  addressable  memory.  Cost  is 
$459.00. 

For  further  information  contact  Omni 
Systems,  Inc.,  P.O.  Box  7536,  Univ.  Station, 
Provo,  UT  84057. 
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8K  RAM  Board  for  SWTP  6800  Computer 
Systems 

The  MSI  8K  RAM  Board  is  designed  to  plug 
directly  into  the  main  50  pin  bus  of  the  SWTP 
6800  system.  The  board  contains  64  21L02 
RAM  chips  to  provide  a  total  of  8.192  bytes  of 
memory. 


Four  7805  regulator  packages  are  included  on 
the  board  to  provide  the  regulated  5V.  power 
supply  to  the  memory  chips.  A  DIP  switch  is  pro- 
vided to  allow  the  board  to  be  strapped  to  any 
beginning  8K  segment  of  memory.  A  provision 
for  battery  back-up  is  included  to  preserve  mem- 
ory during  power  failure. 

MSI  8K  RAM  Board.  Model  RAM-68  costs 
$249.00.  8K  RAM  Board  Kit.  with  sockets  in- 
cluded, Model  RAM-68S  costs  $299.00. 

For  further  information  contact  Charles  C. 
Childress,  Ph.D..  Midwest  Scientific  Instru- 
ments. 220  W.  Cedar,  Olathe,  KS  66061:  (913) 
764-3292. 
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EPROM  Board  for 
ALTAIR'VlMSAf 

Available  from  Mini  Micro  Mart  is 
Altair/IMSAI/SlOO  E-PROM  Board.  The  board 
permits  addressing  any  PROM  on  the  board  any- 
where within  the  64K  memory  map  —  they  need 
not  be  in  sequential  blocks.  The  C80- 1702-2  kit 
is  complete  including  all  IC  sockets  and  will  hold 
up  to  eight  1 702A  PROMS  for  a  total  capacity  of 
2K.  It  is  priced  at  $49.95;  delivery  is  from  stock. 


Provision  is  made  for  installing  one  256  x  8  or 
512  x  8  Tl  fusible  link  PROM,  and  there  are  spare 
pads  provided  if  the  user  wishes  to  implement 
some  circuitry  of  his  own  such  as  some  other 
form  of  TTL  PROM.  The  board  is  priced  at  $49.95 
in  kit  form  and  is  available  from  stock.  2708 
PROMS  are  available  at  $59.95. 

For  further  information  contact  Mini  Micro 
Mart,  1618  James  Street,  Syracuse,  NY  13203; 
(315)  422-4467. 
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4K  Eprom  Module  is  Exorciser* 
Compatible 

The  9615  is  a  fully  static  read-only  memory 
module  specifically  designed  for  compatibility 
with  the  M6800  microprocessor  bus  it  is  pin  and 
outline  compatible  with  the  MEK6800D1  and 
D2  evaluation  kits  and  with  the  Motorola  Exor- 
ciser". The  9615  features  full  16-bit  address 
decoding,  fully  buffered  data,  address,  and  con- 
trol lines,  and  has  a  capacity  of  4096  bytes  of 
storage  It  is  one  of  a  family  of  M6800  support 
modules.  All  cards  of  the  family  are  6.05  inches 
by  9.75  inches  and  utilize  a  43  pin  dual  readout 
edge  connector  with  0.15625  inch  pin  spacing. 


The  9615  accomodates  1702A  type  erasible 
proms  installed  in  sockets.  The  proms  may  be 
programmed  or  erased  with  external  equipment. 
A  "memory  ready"  signal  is  provided  to  permit 
the  use  of  unselected  1702A  proms  if  the  MPU 
module  is  equipped  to  use  such  a  signal. 

The  9615  is  priced  at  $350  in  single  quantity 
and  $210  in  lots  of  100.  Delivery  is  two  to  four 
weeks  for  factory  orders,  and  off  the  shelf  from 
authorized  dealers. 

For  further  information  contact  Creative  Micro 
Systems,  5231  Loyola  Ave.  Westminster,  CA 
92683;   Phone  (714)  892-2859. 

'Trade  mark  of  Motorola,  Inc. 
CIRCLE  INQUIRY  NO.  302 

SMS  1000A 
ROM  Simulator 

The  SMS  ROM  Simulator  is  a  general  purpose 
instrument  that  is  used  to  replace  ROMS  or 
PROMS  in  a  system  during  program  debug. 
Because  it  offers  real  time  in-circuit  simulation  it 
can  be  used  in  an  engineering  prototype,  pre- 
production  or  production  version  to  find  and  cor- 
rect program  errors  or  add  new  features.  The 
ROM  Simulator  provides  the  software  documen- 
tation required  during  debug,  and  RAPID,  a  user 
configured  Assembler,  eases  program 
development  for  custom  microprocessors. 

The  ROM  Simulator  is  an  indispensible  tool 
for  designers  or  ROM  based  systems  including; 
Systems  based  on  LSI  processors.  Systems  built 
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with  LSI  bit  slices,  Custom  processors  built  with 
MSI  and  LSI.  And  because  it  is  a  general  purpose 
instrument,  it  can  be  used  from  project  to  project, 
with  different  processors. 

For  further  information  contact  Scientific 
Micro  Systems,  Inc.,  520  Clyde  Ave.,  Mountain 
View,  CA  94043;  (415)  964-5700;  TWX  910- 
379-6577. 
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Three  Boards 

1.  Universal  Board  —  5400+  holes  to  build 
your  own  interface.  Accepts  any  IC  or  module 
with  0.1"  pin  centers  and  greater  than  0.2"  row 
centers.  Holds  94  1  6  pin  IC's  or  can  be  modified 
to  hold  188.  Vcc  and  GND  are  distributed.  Uses 


two  86  pin  edge  connectors,  two  50  pin  and  one 
20  pin  flat  cable  connectors  and  one  RS232  con- 
nector. 

2.  16K  Static  RAM  Board  —  uses  2102's  or 
equivalent.  Can  be  configured  16K  X  8  or  8K  X 
16  for  flexibility.  All  necessary  timing  done  on 
board. 

3.  6  SLot  Mother  Board  —  to  put  the  other 
boards  together. 

Bare  Boards:  Universal  —  $90,  16K  RAM- 
$70,  6  Slot  Mother-$25. 

For  further  information  contact  Davis 
Laboratories,  Box  2787,  Santa  Clara,  CA  9505 1 . 
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Test  Equipment 


Low-Cost,  Autoranging 
Frequency  Counters 

Four  new  autoranging  frequency  counters 
offering  a  high  performance-to-price  ratio  have 
been  added  to  the  test  instrument  line  of  Hickok 
Electrical  Instrument  Company. 


The  new  units.  Model  380  is  the  basic  auto- 
ranging counter  with  80  MHz  range.  No  over- 
range  is  required  with  seven  digits  and  auto- 
ranging. The  full  frequency  is  displayed  with  1  Hz 
resolution  to  10  MHz.  Above  10  MHz  the 
decimal  point  shifts  automatically  and  all  digits 
except  the  least  significant  digit,  are  displayed. 
Provision  is  made  for  an  external  time  base  input 
on  the  rear  panel.  Standard  time  base  stability  is 
10  ppm.  Price  $259.00. 

Model  380X  provides  the  same  features  as 
the  Model  380  but  has  a  high-stability 
Temperature  Compensated  Crystal  Oscillator  (T- 
CXO)  time  base  with  1  ppm  stability  for  greater 
working  accuracy  and  longer  calibration  cycle 
time.  A  time  base  output  derived  from  the  TCXO 
is  available  at  the  rear  panel  to  drive  up  to  four 
counters  without  TCXO.  Price  $385.00. 

Model  385  is  the  autoranging  UHF  frequency 
counter  for  measuring  frequencies  to  512  MHz. 
Because  the  UHF  prescaler  is  built-in  the  decimal 
point  is  placed  properly  on  the  display  over  the 
entire  range  of  operation,  eliminating  the 
necessity  for  mental  calculations.  The  time  base 
stability  of  Model  385  is  10  ppm.  Provision  is 
made  for  an  external  time  base  input  on  the  rear 
panel.  Price  $499.00. 

Model  385X  provides  the  same  features  a 
Model  385  but  incorporates  the  high-stability 
TCXO  time  base  with  1  ppm  stability.  This  model 
meets  FCC  requirements  for  almost  all  communi- 
cations frequencies.  The  TCXO  output  is 
available  at  the  rear  panel.  Price  $625.00. 

For  further  information  contact  The  Hickok 
Electrical  Instrument  Company,  10514  Dupont 
Avenue,  Cleveland,  Ohio  44108.  (216)  541- 
8060. 
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New  Logic  Probe  Offers  Shirt-Pocket 
Portability 

The  new  Catch-a-Pulse  Logic  Probe,  the  most 
fundamental  type  of  digital  test  equipment,  is 
compatible  with  RTL,  DTL,  TTL,  CMOS.  MOS 
and  Microprocessors,  using  a  3.5V  to  1  5V  power 
supply. 
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Thresholds  are  automatically  programmed  for 
multi-logic  family  operation.  Automatic  reset- 
ting memory  is  capable  of  single  or  multi-pulse 
detection.  No  adjustments  are  required.  There  is 
visual  indication  of  logic  levels,  using  LEDs  to 
show  high,  low,  bad  level  or  open  circuit  logic 
and  pulses.  It  is  highly  sophisticated  and  has 
shirt-pocket  portability  with  a  protective  cap  over 
the  tip  and  a  removable  coiled  cord.  It  eli- 
minates the  need  for  heavy  test  equipment.  A 
definite  plus  in  time  for  engineers  and  tech- 
nicians. The  price  is  $29.95  plus  SI  75  for  ship- 
ping and  handling.  A  free  brochure  is  also  avail- 
able. 

For  further  information  contact  AVR 
Electronics,  Box  26205.  San  Diego,  CA  92126; 
(714)  455-1570. 
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Automated  and  Computer-Coordinated 
EMC  Systems  Span  20  Hz  to  18  GHz 

AMSTERDAM,  NEW  YORK,  19  January 
1977  —  A  new  series  of  Automated  and 
Computer-Coordinated  Systems  for  measuring 
EMC  emissions  from  20  Hz  to  18  GHz  has  been 
introduced  for  the  first  time  by  the  Electro- 
Metrics  Division  of  Penril  Corp. 

The  new  array  of  computer-coordinated  sys- 
tems features  the  CCS-750  Computer-Coor- 
dinated version  of  the  FSS-750  with  full  cover- 
age from  10  Hz  to  12.4  GHz  or  18.0  GHz.  Also 
available  are  reduced-range  systems,  the  CCS- 
250  (20  Hz  to  1000  MHz)  and  the  CCS-500  (1.0 
to  1 2.4/1 8.0  GHz).  Design  of  the  systems  allows 
automatic  computer  control  of  the  many  option- 
al peripheral  devices  and  accessories,  including 
programmable  attenuators,  antenna  switching 
units  and  visual  displays. 


Standard  operating  software  packages  are 
available  as  options.  These  include  modular  sub- 
routines covering  completely  automatic  testing 
and  data  reduction  by  operators  without  special 
training.  These  modular  software  packages  pro- 
vide the  user  with  the  facility  to  develop  many 
specialized  programs.  Alternatively,  Electro- 
Metrics  can  provide  complete  programs  cover- 
ing a  broad  scope  of  sophisticated  closed-loop 
test  and  measurement  operations. 

Prices  of  computer-coordinated  systems  de- 
pend on  customer  specified  accessories  and  fre- 
quency coverage.  Normally,  prices  range  up- 
ward from  $60,000.  Also  available  are  existing 
non-computer  Electro-Metrics  instruments  and 
systems  which  can  be  expanded  to  computer 
control  at  much  lower  cost. 

For  further  information  contact  Penril,  Electro- 
Metrics    Division,    100   Church   Street,   Amster- 
dam, NY   12010;  (518)  843-2600. 
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New  Microprocessor  Analyzer 

Systron-Donner  has  introduced  a  low  cost 
analyzer  specifically  to  test  and  de-bug  the  soft- 
ware and  hardware  of  any  microprocessor  sys- 
tem. Designated  as  Model  50,  this  tester  is 
essentially  an  Address  and  Data  Bus  Monitor 
with  hardware  breakpoint  capability  for  micro- 
processors. 


The  Model  50  is  usable  with  all  microproces- 
sor families  having  accessible  address  and  data 
busses  up  to  16-bit  wide  each. 

Up  to  four  Model  50  units  may  be  intercon- 
nected for  wider  display,  complex  triggering  or 
higher  speed.  The  basic  Model  50  operates  at  up 
to  4  MHz  clock  or  instruction  cycle  rates  and  up 
to  8  machine  cycles  per  instruction. 

The  Model  50  will  be  shown  for  the  first  time 
at  WESCON:  Booth  No.  665-670.  The  price  for 
the  Model  50  is  $865  FOB,  Concord,  CA  and  is 
available  in  60  days. 

For  further  information  contact  Systron- 
Donner  Corp.,  Concord  Instrument  Division,  10 
Systron  Drive,  Concord,  CA  94518.  Phone: 
(415)  676-5000. 
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Power  Supplies 


New  Power  Module 

Abbott  has  a  new  line  of  low  cost  AC  to  DC 
modular  power  supplies.  The  "B"  series  of  the 
new  NL  line  provides  single  outputs  of  5V/6A, 
12V/3.5A.  15V/3A.  24V/2.4A  and  28V/2A. 
Standard  input  is  1 1 5  VAC,  47  to  440  Hz  with 
220  VAC  available  at  no  additional  cost.  Dual 
primaries  are  also  available.  All  units  feature  tight 
regulation,  low  ripple  and  full  load  operation  at 
50°C  ambient  temperature  with  derating  to  40% 
at  71  °C. 


The  NL  line  also  includes  single,  dual  and  tri- 
ple output  models  with  power  ratings  from  1  5  to 
1 70  watts.  Also  available  is  Abbott's  new  1 976- 
77  Industrial  Power  Supply  Catalog  giving  com- 
plete details  on  their  power  modules  lines. 

The  price  is  $49  (1-24  pieces)  and  delivery  is 
normally  from  stock. 

For  further  information  contact  Andrew 
Hilbert  Abbott  Transistor  Laboratories.  Inc.. 
5200  W.  Jefferson  Blvd..  Los  Angeles,  CA 
90016.  Telephone  (213)  936-8185,  Telex  69- 
1398. 
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sealed  metal  enclosed  integrated  circuit 
regulators,  Darlington  transistors,  and  dual  rec- 
tifiers in  TO-3  packages. 

For    further    information    contact    ADTECH 
POWER,  Inc.,  1 621  S.  Sinclair  St.,  Anaheim,  CA 
92806.  Phone  K.  Nelson,  (714)  634-9211. 
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Constant  Voltage  Power 
Supply  Kit 

A  Parasitic  Engineering  constant  voltage 
power  supply  kit  can  keep  your  Altair  up  even 
when  the  power  line  droops.  It  also  provides  high 
output,  increased  isolation  from  line  noise  and 
excellent  over  voltage  protection  —  and  it  does 
all  this  at  a  price  you  can  afford. 

The  key  to  this  superior  performance  is  the 
use  of  a  custom-wound  ferro-resonant  constant 
voltage  (C-V)  transformer.  The  kit  combines  the 
C-V  transformer  with  high  current  rectifiers  and 
improved  filtering  to  provide  full  output  with  the 
line  voltage  as  low  as  90  volts,  yet  up  to  140 
volts  will  not  produce  excessive  output. 

The  price  is  only  $90  postpaid.  California 
residents  add  $5.40  sales  tax. 

The  kit  is  simple  to  install,  and  comes  com- 
plete with  all  necessary  parts  and  detailed  easy 
to  follow  instructions. 

For  further  information  contact  Parasitic 
Engineering,  P.O.  Box  6314,  Albany,  CA  94706. 
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KIM-1  Power  Supply 

The  COMPUTERIST  presents  a  KIM-1  Power 
Supply  designed  and  manufactured  by  Micro- 
Technology  Unlimited.  This  Power  Supply 
follows  the  same  pre-assembled.  tested,  and 
burned  in  "plug-N-go"  philosophy  as  the  KIM. 

The  Power  Supply  is  completely  enclosed  in  a 
Bakelite  box  which  measures  approximately  6  in- 
ches long,  4  inches  wide,  3  inches  high.  The  ter- 
minal strip  and  line  cord  exits  are  hidden  under 
the  box  providing  a  neat  appearance.  Regulated 
power  ratings  are:  +  5  volts  @  1 .2  amp  and  + 1 2 
volts  @  0,1  amp  giving  full  use  of  the  Kim-1 
Audio  Cassette  capability.  Additional  +8  and 
+  16  volt  unregulated  outputs  have  sufficient 
capacity  to  operate  a  KIM-2  4K  expansion 
memory  and  other  Micro-Technology  Unlimited 
accessories.  The  unit  is  fully  fused.  Only  $35 
from  your  favorite  computer  store. 

For  further  information  contact  The  COM- 
PUTERIST, P.O.  Box  3,  S.  Chelmsford.  MA 
01824. 
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A  Power  Control  System 
For  The  Serious  User 

PC3200  Power  Control  System,  a  series  of 
components  that  opens  up  countless  new  appli- 
cations for  S-100  bus  microcomputers.  The 
system  components  combine  to  form  a  high 
quality  AC  power  switching  system  that  enables 
microcomputer  control  of  lights,  small  motors, 
appliances,  tools,  etc. 


ADTECH  Power  Adds  New 
Models  to  APS  Series 

Designated  Model  No.  APS  5-9,  APS  5-12, 
and  APS  5-18,  the  units  are  considered  a  part  of 
the  "Black  Beauty"  Line. 

Operating  from  an  AC.  input  line  voltage  of 
115/230  Volts  ±10%,  47-63Hz,  the  units  ex- 
hibit a  regulation  accuracy  of  0.1%  for  50%  load 
changes  and  0.05%  for  ±  1 0%  line  changes.  Rip- 
ple is  just  3mV  Peak  to  Peak. 


Prices  applicable  are  $57.00  for  the  5V  @  9A; 
$68.55  for  5V  @  12A.  and  $86.35  for  5V  @ 
18A  in  quantity  of  100-249.  Delivery  is  avail- 
able off-the-shelf  within  2  days. 

As  with  all  APS  SERIES  units  Adtech 
quarantees  the  new  units  for  a  period  of  6  years. 

All  of  the  new  models  feature  hermetically 


New  DC-DC  Power  Source  Specifically 
For  Microprocessor  Use 

A  new  dc-dc  converter  which  has  been  de- 
signed specifically  for  use  with  microprocessors 
and  microprocessor-related  IC's  such  as  MPUS, 
RAMS  and  EROMS,  has  been  announced  by  Re- 
liability, Inc.  of  Houston,  Tex. 

Model  3W  5  R12-5  is  a  high  performance 
power  source,  providing  highly  regulated  +12 
volts  at  200ma  and  —5  volts  at  100ma  from  a  5 
volt  DC  input. 


The  outputs  are  fully  short  circuit  protected 
and  free  of  damaging  turn-on  and  turn-off  over- 
shoots. 

Availability  is  stock  for  evaluation  quantities 
and  4  weeks,  ARO,  for  production  quantities. 

For  a  bulletin  giving  full  specifications  and  for 
pricing,  write  or  call  Bob  Miller,  Reliability,  Inc., 
5325  Glenmont,  Houston,  TX  77036,  (713) 
666-3261. 

CIRCLE  INQUIRY  NO.  312 


Because  real  world  power  control  appli- 
cations are  obviously  external  to  the  micro- 
computer, power  switching  devices  should  also 
be  externally  located.  Control  Logic  Interfaces 
contain  up  to  32  independently  addressable  con- 
trol channels,  yet  require  only  one  output  port 
address.  A  single  byte  output  from  the  processor 
selects  an  individual  channel,  and  turns  it  on  or 
off  without  affecting  the  state  of  any  other 
channels.  Program  control  of  PC3200  channels 
is  straightforward,  and  in  most  systems  can  be 
accomplished  with  a  single  BASIC  statement. 

Three  PC3200  System  components  are 
presently  available  —  the  PC3232.  a  32  channel 
Control  Logic  Interface  ($299  kit,  $360  assm.). 
the  PC3216,  a  16  channel  Control  Logic  Inter- 
face ($  1 89  kit,  $240  assm.),  And  the  PC3202,  a 
400  watt  120  VAC  Power  Control  Unit  ($39.50 
kit,  $52  assm.). 

For  further  information  contact  COMPTEK. 
P.O.  Box  516,  La  Canada,  CA  91101;  (213) 
790-7957. 

CIRCLE  INQUIRY   NO.  314 
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The  Byte  Shop 

reaches  a  new  low 

in  microcomputers. 

$349 


The  Byt-8.  It  doesn't  have  a  nifty  (and  expen- 
sive) front  panel  with  lots  of  LED's  and  toggle 
switches. 

And  we  obviously  don't  have  a  big  full- 
color  ad. 

What  we  do  have  is  the  lowest  priced 
microcomputer  you  can  buy  — built  around 
the  powerful  and  popular  8080A 
microprocessor. 

For  $349,  you  get  the  complete  micro- 
computer card,  motherboard,  power  supply 
and  chassis  in  kit  form. 

The  Byt-8  S 100  bus  is  the  same  one  used 
by  Altair,  IMSAI  and  most  others  so  you  have 
the  greatest  possible  flexibility  in  choosing 
memory  and  input/output  cards. 

Optional  cards  from  the  Byte  Shop  in- 


clude 4k,  8k  or  16k  of  Random  Access 
Memory,  4k  or  8k  of  Programmable  Read- 
only Memory,  a  multiple  input/output  card, 
a  TV  typewriter  card  and,  yes,  a  front  panel 
bootstrap  card,  if  you  want  the  LED's  and 
switches. 

Even  the  CPU  is  optional.  We'll  sell  you 
the  chassis,  motherboard  and  power  supply 
for  $229,  and  you  can  choose  your  own 
microcomputer  card— a  ZPU  for  instance? 

Byt-8.  It's  the  new  low  in  price,  but  we're 
aiming  for  a  new  high  in  flexibility,  delivery 
and  support.  See  the  Byt-8  at  your  nearest 
Byte  Shop. 


BYTE  SHDP 

the  affordable  computer  store 


Stores  now  open  in:  Arizona,  Phoenix,  Tempe;  California,  Berkeley,  Campbell,  Fresno,  Hayward,  Lawndale,  Long  Beach,  Mountain  View,  Palo  Alto. 
Pasadena,  Placentia,  Sacramento,  San  Diego,  San  Francisco,  San  Mateo,  Santa  Barbara,  Santa  Clara,  Tarzana,  Thousand  Oaks,  Walnut  Creek. 
Westminister;  Colorado,  Boulder.  Englewood;  Florida,  Cocoa  Beach,  Miami;  Indiana,  Indianapolis;  Minnesota,  Eagan;  New  York,  Levittown; 
Oregon,  Beaverton,  Portland;  Pennsylvania,  Bryn  Mawr;  South  Carolina,  Columbia;  Utah,  Salt  Lake  City;  Canada,  Vancouver,  British  Columbia. 
More  Byte  Shops  are  opening.  Please  write  to  Byte  Incorporated.  1261    Birchwood  Drive,  Sunnyvale,  California  94086. 
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Components 


M OS-Compatible  Peripheral 
Driver  ICs 

A  new  series  of  peripheral  driver  ICs  with  one- 
tenth  the  input  power  requirement  of  competitive 
units  and  PNP  construction  for  compatiblity  with 
MOS  circuits  is  now  available  from  Signetics. 

Designated  DS  3611  through  DS  3614,  the 
new  units  are  rated  for  80-volt  breakdown  in  the 
off-state  and  a  current  rating  to  300  milliamps 
per  driver  in  the  on  state.  The  units  feature  high 
voltage  PNP  inputs  compatible  with  PMOS. 
CMOS,  TTL  or  DTL  circuits.  Required  input 
current  for  the  series  is  40  microamps  for  a  logic 
input  (logical  "1")  of  2.4  volts. 


The  new  peripheral  driver  ICs  incorporate 
input  clamping  diodes  for  circuit  protection.  All 
units  in  the  series  are  dual  drives;  DS  3611  is 
"and,"  DS  3612  is  "nand,"  DS  3613  is  "or"  and 
DS  3614  is  "nor." 

The  pin  out  arrangement  for  the  361 1-3614 
series  is  identical  to  industry  standard  75451 
through  75454  drivers  ICs.  However,  break- 
down voltage  is  significantly  higher  and  drive 
power  loading  factor  is  one-tenth  that  of  the  in- 
dustry standard  devices. 

The  DS  361  1-DS  3614  peripheral  drivers  are 
immediately  available  from  stock  through 
Signetics  and  its  authorized  distributors.  Price  fcr 
the  new  units  is  less  than  $1.00  in  OEM  quan- 
tities. 

For  further  information  contact  Signetics,  81  1 
East  Arques  Ave.,  Sunnyvale,  CA.  94086;  phone 
(408)  739-7700. 

CIRCLE   INQUIRY   NO.  315 

New  8-Bit  D/A  Converter 

A  new  series  of  high-speed  multiplying  digital- 
to-analog  converters  with  direct  interface  to  TTL, 
ECL,  HTL,  MOS  and  PMOS  logic  families  is  now 
available  from  Signetics. 

Designated  NE  5007/8  and  SE5008,  the  new 
converters  incorporate  advanced  circuit  design 
that  achieves  85-nanosecond  settling  time  and 
high  swing,  adjustable  threshold  logic  inputs  to 
provide  full  noise  immunity. 
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Typical  applications  include  converters  for 
servo  motors,  pen  drivers,  waveform  generators, 
audio  encoders  and  attenuators,  analog  meter 


drivers,  programmable  power  supplies,  CRT  dis- 
play drivers,  high  speed  modems  and  many  other 
applications  where  low-cost  and  high  speed  D/A 
conversion  is  required. 

Power  supply  range  is  from  ±4,5  volts  to 
±18  volts  with  essentially  unchanged  perfor- 
mance over  the  range.  The  convenient  16-pin 
plastic  DIP  package  and  power  consumption  of 
33  milliwatts  with  a  ±5  volt  supply  makes  the 
5007/8  converters  ideal  for  use  in  portable 
equipment  and  for  military/aerospace 
applications. 

The  5007/8  units  offer  dual  complementary 
outputs  that  permit  differential  operation,  effec- 
tively doubling  the  peak-to-peak  output  swing. 
Output  compliance  is  from  —10  volts  to  +18 
volts. 

The  new  NE5007/8  and  SE5008  converters 
are  available  from  stock  through  Signetics  and  its 
authorized  distributors.  Prices  in  quantities  of 
100  are  $3.45  for  NE5007  and  $3.95  for 
NE5008. 

For  further  information  contact  Signetics,  81  1 
East  Arques  Ave.,  Sunnyvale,  CA  94086;  phone 
(408)  739-7700. 

CIRCLE   INQUIRY   NO.  316 

New  Low-Power  Schottky  Registers 

Two  new  low-power  Schottky  shift  registers 
with  gated  serial  inputs  are  now  available  from 
Advanced  Micro  Devices. 

The  Am25LS164and  Am54/74LS1  64  are  8- 
bit  serial-in/parallel-out  shift  registers  offering 
guaranteed  maximum  clock  frequencies  of 
35MHz  and  25MHz  respectively.  In  addition,  the 
Am25LS164  offers  improved  noise  margin  and 
twice  the  fan-out  over  the  military  temperature 
range  compared  with  the  Am54/74LS164. 

The  gated  input  provides  enable/disable  con- 
trol over  incoming  data.  Additionally,  these  de- 
vices offer  an  asynchronous  clear  input  to  simul- 
taneously clear  the  devices'  eight  flip-flops. 

Prices  for  the  Am25LS164  start  at  $1.42  in 
100-piece  lots  nationally  from  Hamilton/Avnet, 
Schweber  or  Cramer  Electronics  and  regionally 
from  Arrow,  Bell  and  Century  Electronics. 

For  further  information  contact  E.  Sopkin, 
Advanced  Micro  Devices,  Inc.,  901  Thompson 
Place.  Sunnyvale,  CA  94086;  (408)  732-2400. 
CIRCLE  INQUIRY  NO.  317 


New  Analog  Switch  Series 

A  new  series  of  analog  switches  developed  by 
National  Semiconductor  Corp.  combines  bipolar 
and  JFET  technology,  producing  the  industry's 
first  single-chip  quadruple  JFET  switches.  Com- 
bined with  this  new  monolithic  process  is  a  uni- 
que circuit  technique  that  allows  the  new  analog 
switches  to  maintain  a  constant  resistance  over 
the  wide  analog  voltage  range  of  + 1  0  volts. 

Designated  the  LF11331,  LF11332, 
LF11333,  LF11201,  and  LF11202,  the  new 
analog  switches  are  designed  to  operate  from 
minimum  TTL  input  levels  and  feature  a  break- 
before-make  switching  action.  The  LF11331 
contains  four  normally-open  switches  with  a 
common  disable  pin  that  opens  all  of  the 
switches  in  the  package.  The  LF11332  contains 
four  normally-closed  switches  with  a  common 
disable.  The  LF  11333  contains  two  normally- 
closed  switches  and  two  normally-open  switches 
with  a  common  disable.  The  LF11201  has  four 
normally-closed  switches,  and  the  LF1 1202  has 
four  normally-open  switches. 

For  further  information  contact  National 
Semiconductor     Corp.,     2900     Semiconductor 


Drive,  Santa  Clara,  CA  95051;  Telephone  (408) 
737-5000,  TWX:  910-339-9240. 
CIRCLE   INQUIRY  NO.  318 


QUAD  TTL-TO-MOS  Driver 

Dallas,  February  3.  1977  —  The  SN75355 
accepts  standard  TTL  and  DTL  input  signals  and 
provides  high  current  and  high  voltage  output 
levels  suitable  for  driving  MOS  circuits.  It  may  be 
used  to  drive  address,  control  and  time  inputs  for 
several  types  of  MOS  RAMs  or  microprocessor 
multiphase  clock  inputs. 


The  SN75355  operates  from  the  TTL  5-volt 
supply  and  the  MOS  Vss  (Vcc2)  and  Vbb  (Vcc3) 
supplies  in  many  applications.  It  has  been  opti- 
mized for  operation  with  the  Vcc2  supply  voltage 
from  12  to  18  volts  and  with  nominal  Vcc3 
supply  voltage  from  three  to  four  volts  higher 
than  Vcc2. 

The  driver  is  a  high  speed  version  of  the 
SN75365  type  device  and  requires  lower  Vcc2 
voltage.  It  is  characterized  from  0°  to  70°C  oper- 
ation and  is  available  in  16-pin  plastic  and  cer- 
amic dual-in-line  packages. 

Prices  for  each  part  in  100-piece  quantities 
are  $2.54,  plastic,  and  $3.25,  ceramic. 

For  further  information  contact  Texas  Instru- 
ments Incorporated,  Inquiry  Answering  Service. 
P.O.  Box  5012.  M/S  308  (Attn:  SN75355), 
Dallas,  TX  75222. 

CIRCLE   INQUIRY  NO.  319 


A  Static  16-Word 
Asynchronous  Memory 


A  universal  Schottky-clamped  16-word  5-bit 
TTL  buffer  memory  has  been  introduced  by  Texas 
Instruments  Inc.  Designated  the  SN74S225,the 
static  bipolar  First-In/First-Out  Memory  is 
intended  to  interface  directly  between  two 
different  digital  systems,  or  subsystems,  that 
operate  at  different  data  rates,  such  as  keyboard- 
to-disc.  CPU-to-memory  or  peripherals. 

Functional  capabilities  include:  independent 
synchronous  inputs  and  outputs.  DC  to  10  MHz 
input  or  output  data  rates,  3-state  data  outputs, 
two  independent  clock  circuits. 

In  the  20-pin  plastic  DIP  and  rated  for 
temperatures  from  0°  to  70°C,  the  SN74S225N 
sells  for  $4.50  in  quantities  of  100  pieces. 

The  SN74S225J  in  a  20-pin  ceramic  DIP  is 
rated  for  0°C  to  70°C  and  sells  for  $5.63  in 
quantities  of  100.  Delivery  in  OEM  quantities  is 
two  to  eight  weeks  ARO. 

For  further  information  contact  Texas 
Instruments,  Inc.,  Inquiry  Answering  Service. 
P.O.  Box  5012.  M/S  308,  Dallas  TX  75222.  For 
marketing  information  contact  Gerald  McGee  at 
(713)  494-5115  (ext.  2621). 
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XililEDiA  P3E}En» 


The  SOROC 10120 


CURSOR  CONTROL.  Forespace,  back- 
space, up,  down,  new  line,  return,  home, 
tab,  PLUS  ABSOLUTE  CURSOR  AD- 
DRESSING. 

TRANSMISSION  MODES.  Conversation 
(half  and  full  Duplex)  PLUS  BLOCK 
MODE  —  transmit  a  page  at  a  time. 

FIELD  PROTECTION.  Any  part  of  the 
display  can  be  "protected"  to  prevent 
overtyping.  Protected  fields  are  displayed 
at  reduced  intensity. 

EDITING.  Clear  screen,  typeover,  abso- 
lute cursor  addressing,  erase  to  end  of 
page,  erase  to  end  of  line,  erase  to  end 
of  field. 

DISPLAY  FORMAT.  24  lines  by  80  char- 
acters (1 ,920  characters). 

CHARACTER  SET.  96  characters  total. 
Upper  and  lower  case  ASCII. 

KEYBOARD.  73  keys  including  numeric 
key  pad. 

REPEAT  KEY.  1 5  cps  repeat  action. 

DATA  RATES.  Thumbwheel  selectable 
from  75  to  19,200  baud. 

SCREEN.  12  inch  rectangular  CRT  -  P4 
phosphor. 
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SPECIAL  INTRODUCTORY  PRICING 

Kit  $995.00  Assembled  $  1,295.00 

(Price  includes  block  mode,  lower  case  and  24 
line  options.) 


IMSAI  +  Z-80 

XIMEDIA  is  offering  a  special  price  on  an  IMSAI 
1-8080  with  a  TDL  ZPU  Z-80  board  instead  of  the 
standard  8080  cpu. 

The  system  includes: 
IMSAI   1-8080  without  cpu  board.  22  slot  mother 
board  with   22  pre-soldered  connectors  and  card 
guides;  cooling  fan. 


Price: 


Kit 


Assembled 


$  999.00 


$  1,295.00 


XIMEDIA  OFFERS  A  FULL  RANGE  OF  PRODUCTS  FOR 
THE  PERSONAL  COMPUTER  ENTHUSIAST  AND  THE 
SMALL  SYSTEM  DESIGNER.  LET  US  QUOTE  ON  ALL 
YOUR  HARDWARE  AND  SOFTWARE  NEEDS. 

OUR  RETAIL  STORE  -  TH E  COMPUTER ISTxm  -  IS  NOW 
OPEN  IN  SAN  FRANCISCO.  CALL  US  FOR  DIRECTIONS. 


Selectric  Terminals 

$1,200.00 

AT  LAST! 

An  ASCII  coded  Selectric  terminal 
with  a  RS232-C  interface. 

Call  or  write  us  today  for  details. 


XililEDiA 

1290  24th  Avenue  .   San  Francisco,  CA  94122 

(415)  566-7472 .  Please  call  collect ! 

California  residents  add  6%  sales  tax.  Please  allow  3  weeks  for  delivery. 
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Tl  Announces  Low  Power  Schottky  RAMs 

Four  new  low  power  Schottky  RAMs  have 
been  added  by  Texas  Instruments  to  its  bipolar 
memory  product  line. 

Designated  SN74LS214  and  SN74LS314, 
the  1024  x  1  low  power  Schottky  Ram  is 
available  in  both  three  state  and  open  collector 
versions,  respectively.  Designed  for  applications 
where  high  performance  and  minimum  power 
dissipation  are  required,  these  devices  can  signi- 
ficantly improve  speed  vs.  power  performance  of 
designs  using  older  1024  bit  RAMs. 

The  74LS200A/LS300A  are  three  state  and 
open  collector  versions  of  the  256  x  1  low  power 
Schottky  RAM.  Suitable  for  local  store  and  buffer 
memory  applications,  these  devices  provide  a 
superior  speed  vs.  power  product  where  power 
dissipation  is  a  major  consideration. 

Priced  at  $17.60  each  in  100  pc.  and  up 
quantities,  the  74LS214/LS31 4N  is  available 
from  stock  to  eight  weeks.  The 
74LS200A/LS300AN  is  priced  at  $3.60  each  in 
1 00  and  up  quantities  with  delivery  from  stock  to 
eight  weeks.  All  of  these  devices  are  available  in 
plastic  (N)  and  ceramic  (J)  DIP  packages. 

For  further  information  contact  Texas 
Instruments  Incorporated,  Inquiry  Answering 
Service.  P.O.  Box  5012,  M/S  308  (Attn:  Low 
Power  Schottky  RAMs).  Dallas,  TX  75222.  For 
marketing  contact:  Bob  West  (713)  494-5115, 
ext.  2621. 

CIRCLE   INQUIRY   NO.  321 


Microcomputer  Clock  Generator 

A  clock  generator  designed  for  use  with  the 
4004  family  of  microcomputers  is  now  available 
from  National  Semiconductor  Corporation. 
Known  as  the  DP4201,  this  device  satisfies  the 
signal  requirements  for  4004  and  4040  micro- 
processor components  in  the  Four-Bit  Inte- 
grated Processing  System  (FIPS),  and  in  MCS-4" 
and  MCS-40"  microcomputer  based  systems. 


The  clock  generator  has  an  operative  fre- 
quency range  from  dc  to  6MHz  and  is  available  in 
either  a  ceramic  dual-in-line  package  (DP4201- 
J)  or  a  molded  epoxy  plastic  dual-in-line  package 
(DP4201-N)  from  National  Semiconductor  and 
its  distributors.  When  purchased  in  lots  of  100, 
the  unit  price  is  $4.50  for  the  epoxy  package  and 
$5.10  for  the  ceramic  package. 

For  further  information  contact  National 
Semiconductor.  2900  Semiconductor  Drive, 
Santa  Clara,  CA  95051 :  (408)  737-5000:  TWX: 
910-339-9240. 

CIRCLE   INQUIRY  NO.  323 


Develop  D/A  Converter  Series 

Sunnyvale,  CA  ...  A  series  of  three  high- 
speed, monolithic  digital-to-analog  converters 
particularly  suited  for  applications  within  the 
data  acquisition  and  communications  markets 
are  now  available  from  Advanced  Micro  Devices. 

These  circuits  —  DAC-08,  Am  1508  and 
SSS1508A  —  are  designed  as  plug-in  replace- 
ments for  like-numbered  devices  from  other 
manufacturers.  These  parts,  as  with  all  units  from 
Advanced  Micro  Devices,  undergo  100  percent 
processing  to  the  requirements  of  MIL-STD-883. 

For    further    information    contact    Advanced 
Micro  Devices,  Inc.,  901  Thompson  Place,  Sun- 
nyvale. CA  94086:  (408)  732-2400. 
CIRCLE  INQUIRY   NO.  322 


2  Amp  to  50  Amp  Bridge  Assemblies 
have  Underwriters  Recognition 

A  family  of  2  Amp  to  50  Amp,  full-wave 
single-phase  bridge  assemblies  with  peak  inverse 
voltage  ratings  from  50V  to  1000V  have  recently 
received  recognition  from  Underwriters 
Laboratories,  Inc.  Designated  the  SDA-117,  - 
129,  -130,  -132,  and  -138  series  by  Solid  State 
Devices,  Inc.,  the  bridges  are  applied  in  a  broad 
range  of  industrial  and  commercial  equipment. 
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Recognized  components  meet  certain  con- 
ditions of  acceptability  that  aid  in  qualifying 
equipment  for  U.L.  approval.  When  used  in 
acceptable  combinations  with  other  elements, 
the  SSDI  bridges  do  not  require  individual  certi- 
fication. 

The  SSDI  bridges  have  peak  inverse  voltages 
of  50V,  100V,  200V,  400V,  600V,  800V,  and 
1000V.  The  2  Amp  SDA-1  17  and  5  Amp  SDA- 
138  assemblies  are  packaged  in  0.6  inch  square 
by  0.2  inch  high  thermal-conductive  epoxy 
cases.  Peak  recurrent  forward  surge  current  is 
10A  and  30A  respectively.  At  2  Adc,  the  SDA- 
1  1  7  exhibits  1 .2V  forward  voltage  drop  while  the 
SDA-138  exhibits  1.1V.  Maximum  reverse 
leakage  is  2^A  per  leg  at  25°C. 

The  SDA  series  full-wave  single-phase  bridge 
assemblies  are  priced  from  $2  each  to  $10  each 
in  100  piece  quantities.  Delivery  is  from  SSDI 
stock. 

For  further  information  contact  Solid  State 
Devices,  Inc.,  14830  Valley  View  Ave.,  La 
Mirada,  CA  90638:  (213)  921-9660,  TWX 
(910)  583-4807. 

CIRCLE  INQUIRY  NO.  323 

A  New  "Sample-and-Hold"  IC 

A  monolithic  "sarnple-and-hold"  IC  accurate 
within  0.01  percent  has  been  designed  and 
developed  by  the  Advanced  Linear  IC  Operation 
of  National  Semiconductor  Corp.,  utilizing  the 
company's  new  BIFET  technology. 

The  BIFET  process  provides  a  combination  of 
bipolar  transistors  and  P-channel  field-effect 
transistors  on  the  same  silicon  chip,  which  is 
ideal  for  fabricating  a  "sample-and-hold"  circuit. 
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Known  as  the  model  "LF198,"  the  new 
"sample-and-hold"  circuit  offers  the  speed  and 
accuracy  of  6  microseconds  to  0.01   percent. 

Some  of  the  operational  characteristics  of  the 
LF198  are  shown  below. 

Acquisition  time  to  0.01%  (Ci,  =  1000pF): 
6yuSec;0ffset  Voltage:  1  mV:  Input  Current: 
20nA:  Gain  Accuracy:  0.002%:  Hold  Step  (Ch  = 
0.01/uF):  0.5mV:  Input  Impedance:  20G  ohms; 
Power  Supply  Rejection:  lOOdB;  Output  Noise: 
25nV/  Hz;  Droop  Rate  (Ch  =  0.01 ):  3mV/Sec. 

Applications  of  the  new  "sample-and-hold" 
include  multiplexers.  "A  to  D"  and  "D  to  A"  con- 
verters, integrators,  correlators,  reset  stabilizers, 
and  analog  computation. 


The  LF198  is  available  in  an  8-pin  TO-5 
package  and  is  specified  over  the  military 
temperature  range  of  — 55°C  to  +  125°C;  the 
LF298  and  LF398  are  rated  over  -25°C  to 
+  85°C,  and  0°C  to  +70°C  respectively. 
Availability  is  from  stock.  When  purchased  in  lots 
of  100,  the  LF398  sells  for  $3.65  each. 

For  further  information  contact  National 
Semiconductor,  2900  Semiconductor  Drive, 
Santa  Clara,  CA  95051;  (408)  737-5287,  Mr. 
Roy  Twitty. 

CIRCLE  INQUIRY  NO.  324 

New  Dual  Differential 
Line  Driver  Circuit 

Texas  Instruments,  Inc.,  has  announced  a  new 
dual  differential  line  driver  circuit  which  meets 
the  Electronic  Industries  Association's  RS422 
specification. 

Designated  the  SN75158,  it  features  single 
5V  supply,  short  circuit  protection  and  input 
clamp  diodes. 

Inputs  are  standard  TTL.  The  outputs  provide 
differential  signals  with  high  current  capability 
for  driving  balanced  lines,  such  as  twisted-pair 
types,  at  normal  line  impedance  without  high 
power  dissipation.  The  output  stages  are  TTL 
totem-pole  types  featuring  a  high  impedance 
state  in  the  power  off  condition. 

The  SN75158  is  characterized  for  a  0°  to 
70°C  operating  temperature  range.  It  is  offered 
in  either  plastic  or  ceramic  8-pin  dual-in-line 
packages. 

The  plastic  version  is  priced  at  $2.12  each  in 
quantities  of  100  and  is  available  from  Tl  dis- 
tributors now.  The  ceramic  version  will  be  avail- 
able soon. 

For  further  information  contact  Texas 
Instruments,  Inc.,  Inquiry  Answering  Service. 
P.O.  Box  5012.  M/S  308  (Attn:  Dual  Line 
Driver),  Dallas  TX  75222.  For  marketing  infor- 
mation contact  Dale  Pippenger  at  (214)  238- 
3527. 

CIRCLE   INQUIRY  NO.  325 

Dual  ECL-to-MOS  Drivers 

Texas  Instruments,  Inc.  has  announced  two 
new  dual  ECL-to-MOS  drivers,  designated  the 
SN75320and  SN75321.  These  new  devices  are 
functionally  similar  to  the  TTL  compatible 
SN75322. 

Both  are  monolithic  ECL-to-MOS  driver  inter- 
face circuits  which  accept  standard  input  signals 
from  Series  10,000  ECL  and  similar  families. 
They  provide  high-voltage  output  levels  suitable 
for  driving  MOS  circuits. 

Due  to  the  low  power  dissipation  when  the 
driver  output  is  at  a  low  level,  these  circuits  are 
ideal  for  driving  N-channel  devices  such  as  the 
TMS4030  4K  RAM. 

The  SN75320  requires  an  externally 
generated  ECL  input  reference  voltage  while  the 
reference  in  the  SN75321  circuit  is  fixed  in- 
ternally at—  1 .3V.  Both  devices  are  characterized 
for  operation  from  0°  to  70°  C. 

The  two  circuits  are  offered  in  14-pin  dual-in- 
line plastic  and  ceramic  packages.  Prices  for  each 
part  in  100-lot  quantities  are  $2.75  for  plastic 
and  $3.53  for  ceramic.  The  plastic  versions  are 
now  available  and  the  ceramic  will  be  available 
soon. 

For  further  information  contact  Texas 
Instruments,  Inc.,  Inquiry  Answering  Service, 
P.O.  Box  5012,  M/S  308,  Dallas  TX  75222. 

For  marketing  information  contact  Dale 
Pippenger  at  (214)  238-3527. 

CIRCLE   INQUIRY  NO.  32G 

Tl  Reduces  MOS  Plastic 
4096  Bit  RAM  Prices 

Texas  Instruments  announced  price 
reductions  on  plastic-packaged  4K  X  1  MOS 
RAMs  effective  Jan.   1. 

According  to  a  Texas  Instruments  spokesman, 
the  new  prices  reflect  increased  high-volume  N- 
channel  plastic  package  production  experience. 
Each  dynamic  RAM  type  is  available  in  three 
speed  ranges,  and  each  is  fully  TTL  compatible 
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with    MOS    level    clocks   except   for   the   4051 
Series  which  has  a  TTL  level  clock. 

Separate  input/output  types  in  22-pin 
packages:  TMS  4030/4060  NL  with  maximum 
access  time  of  300  nsec,  at  the  reduced  price  of 
S7.66;  TMS  4030-1/4060-1  NL,  250  nsec. 
$9.47;  TMS  4030-2/4060-2  NL,  200  nsec, 
$11.30. 

Common  I/O  types  in  18-pin  packages  for 
BUS  oriented  systems:  TMS  4050/4051  NL, 
300  nsec,  $7.66;  TMS  4050-1/4051-1  NL.  250 
nsec,  $9.47;  TMS  4050-2  NL,  200  nsec, 
$11.30. 

These  dynamic  RAMs  are  all  available  from 
stock  at  Tl  or  from  authorized  Tl  distributors. 

For  further  information  contact  Texas 
Instruments,  Inc.,  P.O.  Box  5012,  Dallas.  TX 
75222. 

CIRCLE   INQUIRY  NO.  327 


Low-Cost  OP  Amp  Triples  Frequency 
Range 

A  dual  operational  amplifier  with  the 
characteristics  and  package  options  compatible 
with  the  "industry  standard"  MC1  558/MC1458, 
but  with  nearly  three  times  its  unity-gain  band- 
width has  been  introduced  by  Motorola. 


Designated  MC4558/MC4558C.  the  new 
devices  can  be  plugged  directly  into  sockets  of 
existing  designs,  currently  using  MC1  558/1458 
types,  in  order  to  expand  the  unity-gain  band- 
width of  the  circuits  from  1  MHz  to  2.8  MHz 
without  affecting  other  characteristics.  And  they 
are  ideal  for  new  designs  whose  required  band- 
width previously  prohibited  the  use  of  low-cost 
operational  amplifiers. 

For  further  information  contact  Motorola,  Inc., 
P.O.  Box  20912,  Phoenix,  AZ  85036;  (602) 
244-6900. 

CIRCLE   INQUIRY   NO.   328 


New  .4"  High, 
Two-Digit  LEDs 

Industrial  Electronic  Engineers,  Inc.  (IEE)  is 
now  offering  .4"  high,  two-digit  LEDs  designated 
as  IEE-HERCULES  Series   1780/1790. 

Series  1780/1790,  also  known  as  "The 
Gemini  Twins"  are  composed  of  two,  .4"  high 
digits  (0-9)  with  individual  right  hand  decimal 
points  and  are  integrally  packaged  in  a  single, 
compact  unit.  These  LEDs  are  available  in  com- 
mon cathode  or  common  anode  design  with 
typical  250/ucd/segment  luminous  intensity  at 
20mA/1.6V. 


In  the  10,000  piece  quantity,  these  LEDs  cost 
$1.66  each.  Delivery  is  off-the-shelf.  Detailed 
dimensional  specifications  are  illustrated  in  lEE's 
Product  Profile  on  Series  1780/1790  and  is 
available  free  upon  request  to:  IEE,  7740 
Lemona  Avenue,  Van  Nuys,  CA  91405,  (213) 
787-0311,  attn:  Bob  Brandt,  ext.  268. 
CIRCLE   INQUIRY  NO.  329 


Add  Three-State  Decoders 

Am25LS2537,  Am25LS2538  and 
Am25LS2539  —  all  offer  three-state  outputs  for 
use  in  bus  oriented  systems.  In  addition,  they 
feature  a  buffered  common  polarity  control, 
which  permits  the  outputs  to  be  selected 
mutually  exclusive  active/low  or  mutually  ex- 
clusive active/high  under  control  of  the  POL  in- 
put. They  are  available  in  the  recently  introduced 
20-pin  dual-in-line  package  for  increased  circuit 
board  density. 

The  Am25LS2537  is  a  one-of-ten 
decoder/demultiplexer,  which  accepts  four  active 
high  BCD  inputs  and  selects  one-of-ten  mutually 
exclusive  outputs.  The  Am25LS2538  is  a  three- 
line  to  eight-line  decoder/demultiplexer  that  has 
three  buffered  select  inputs  that  are  decoded  to 
one-of-eight  outputs. 

The  Am25LS2539  is  a  dual  two-line  to  four- 
line    decoder/demultiplexer   with    two   buffered 


select  inputs  that  are  decoded  to  one-of-four  out- 
puts for  each  of  the  decoders. 

All  three  circuits  are  available  in  molded  and 
ceramic  hermetic  packages  or  ceramic  flat 
packages  and,  as  with  all  integrated  circuits  from 
Advanced  Micro  Devices,  undergo  100  percent 
processing  to  the  requirements  of  MIL-STD-883. 

Prices  for  these  decoders  start  at  $2.55  in 
100-unit  lots. 

For    further    information    contact    Advanced 
Micro  Devices  Inc.,  901  Thompson  Place,  Sun- 
nyvale, CA  94086;   (408)  732-2400. 
CIRCLE  INQUIRY  NO.  330 

New  .3"  High  LED 
Digital  Displays 

Industrial  Electronic  Engineers,  Inc.  (IEE)  has 
announced  the  newest  addition  to,  their  line  of 
LEDs  —  IEE-HERCULES  Series  1775/1776  .3" 
High  LED  Digital  Displays. 
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Series  1775/1776  are  .300"  high,  deep  red 
characters,  0-9  with  right  hand  decimal  point. 
Series  1775  is  the  common  cathode  design,  with 
the  common  anode  version  is  Series  1776. 
Among  some  of  the  features  of  these  new  LEDs 
are:  single  plane,  wide  angle  (160°)  viewing, 
high  contrast  ratio,  GaAsP  emitting  material  for 
maximum  current  to  brightness  efficiency,  slim- 
line configuration  with  10  or  14-pin,  DIP  connec- 
tions on  .300  spacing  and  typical  350  ^cd  per 
segment  luminous  intensity  at  20mA/1.6VF. 

Installation  is  quick  and  simple  in  integral 
multi-digit  (2  through  8)  arrays  with  IEE-ATLAS 
Series  1750/51  Universal  Display  Mounting 
Hardware.  Series  1  775/76  sells  for  $.85  each  in 
the  10,000  piece  quantity.  Delivery  is  off-the- 
shelf. 

Additional  mechanical,  electrical  and  perfor- 
mance characteristics,  together  with 
diagrammed  pin  assignments  are  described  in 
Product  Profile  IEE-HERCULES  Series 
1775/1776  and  is  available  free  upon  request 
to:  IEE,  7740  Lemona  Ave..  Van  Nuys,  CA 
91405,  attention:  Bob  Brandt,  product  sales 
manager,  (213)  787-0311,  ext.  268. 
CIRCLE  INQUIRY   NO.  331 


Literature 


Free  Catalogue  of  New  ACM  Cassettes 

New  audio  cassettes  are  being  released  by  the 
Association  for  Computing  Machinery.  They  con- 
tain selected  presentations  from  the  ACM  75 
Annual  Conference  held  in  Minneapolis,  Minn. 

A  free  catalogue  describing  all  ACM  cas- 
settes is  available  from:  Information  Cassettes, 
Dept,  ACM,  645  N.  Michigan,  Chicago,  IL 
60611;  phone  (312)  944-2120. 

These  ACM  cassettes  feature  such  topics  as: 
Structured  Programming,  Data  Bases,  Software 
Development,  Networks,  Minicomputers,  and 
Management.  Also  included  is  the  prestigious 
A.  M.  Turing  Award   Lecture. 

These  professionally  edited  presentations  are 
on  high-quality,  low-cost  standard  audio  cas- 
settes. Featured  are  industry  leaders  who  have 
specialized  knowledge  and  important  insights  in- 


to critical  areas.  Most  are  not  available  in  any 
proceedings,  and  each  speaker  has  reviewed  his 
recording  for  completeness  and  accuracy. 

Learning  by  listening  with  economical  audio 
cassettes  is  a  proven  educational  method  used 
throughout  industry  with  great  success.  They  can 
aid  in  teaching  employees  or  students,  and  are 
convenient  to  use  at  work,  at  home,  while  com- 
muting, or  on  a  business  trip. 

The  entire  ACM  audio  library  contains  over 
180  speakers  on  the  49  cassettes  from  4  ACM 
International  Conferences.  The  A.M.  Turing 
Award  Lectures  from  1972  through  1975  were 
recorded.  A  complete  catalogue  is  now  available 
from  Information  Cassettes  at  the  above  ad- 
dress. 

For  further  information  contact  Information 
Cassettes.  Inc.,  645  N.  Michigan  Ave.,  Chicago, 
IL,  6061  1. 

CIRCLE   INQUIRY   NO.  332 


S-100  Crate  Design 
Information  Package 

The  objective  design  crate  information  packet 
is  a  complete  set  of  plans  and  specifications  for 
building  an  S-100  compatible  card  file  and 
power  supply.  The  crate  is  of  high  quality,  making 
use  of  standard,  commercially  available  ex- 
trusions, card  guides,  and  power  supply  com- 
ponents. The  design. is  variable  and  can  be 
adapted  to  any  of  the  available  S-100  mother- 
boards. 

The  advantages  of  constructing  a  crate  as 
opposed  to  buying  one  include:  cost  savings  (the 
crate  and  power  supply  will  cost  approximately 
$150,  assuming  all  major  components  are 
purchased  in  unit  quantities);  a  sturdier  crate; 
easier  to  work  with  design;  and  opportunities  to 
meet  special  crate  needs  by  customizing. 
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For  the  commercial  interest,  the  crate  design 
can  be  the  basis  for  in-house  computer  construc- 
tion. For  the  hobbyist,  the  home  constructed 
crate  is  a  money-saving  way  to  get  started  in 
personal  computing. 

To  order  the  S-100  crate  design  information 
packet,  mail  a  check  or  money  order  to  Objective 
Design,  Inc.,  P.O.  Box  20456.  Tallahassee,  FL 
32304.  Cost  is  $19.95  plus  4%  sales  tax  for 
Florida  residents.  Postage  prepaid  on  all  items  for 
U.S.  delivery. 

CIRCLE  INQUIRY  NO.  333 

VADIC  offers  new  24  page  modem  catalog 

An  expanded  24  page  catalog,  covering 
products  and  services,  is  now  available  from 
VADIC,  major  manufacturer  of  low  and  medium 
speed  data  modems. 


The  catalog  includes  technical  information  on 
VADIC's  line  of  Bell,  IBM,  and  CCITT  compatible 
modems,  covering  a  range  of  300,  1200  and 
2400  bps,  the  VA3400.  a  unique  full  duplex 
1200  bps  modem  that  can  operate  on  dial-up  or 
two  wire  dedicated  lines.  Multiple  Data  Sets  with 
extensive  displays  and  diagnostic  capability, 
automatic  dialing  units,  and  multiple  calling 
systems. 

For  further  information  contact  The  VADIC 
Corporation,     505     East     Middlefield     Road, 
Mountain  View,  CA  94043;  (415)  965-1620. 
CIRCLE   INQUIRY  NO.  334 

Personal  Computing  Directory 

The  Personal  Computing  Directory  will  contain 
names,  addresses,  telephones,  descriptive  key- 
words, and  other  information,  about  people, 
clubs,  societies,  associations,  organizations, 
newspapers,  newsletters,  book  publishers  and 
distributors,  magazines,  manufacturers,  equip- 
ment distributors,  mail  order  services,  kit  ven- 
dors, software  developers,  maintenance  and  re- 
pair services,  convention  and  meeting  organ- 
izers, credit  and  non-credit  courses,  lectures, 
clinics,  demonstrations,  tours,  contests,  flea  mar- 
kets, in  a  word-everythingrelatedtothepersonal- 
computingfield!  The  directory  will  have  three 
main  parts.  The  first,  a  geographical,  or  zip  code 
sorted  listing,  will  consist  of  each  name,  ad- 
dress, telephone,  and  descriptors,  listed  in  zip 
code  order,  and  alphabetically  within  a  zip  code. 
Similar  zip  codes  tend  to  be  near  each  other,  so 
you  need  only  look  for  your  own  zip  code  to  find 
people  and  organizations  near  you.  The  second 
part  will  be  an  alphabetically  sorted  list  of  people 
(last  name  first)  and  organizations.  If  you  don't 
know  the  address,  look  up  the  name.  The  third 
part  will  be  a  subject  listing,  sorted  alphabeti- 
cally. Look  up  your  subject  and  find  people  and 
organizations  with  similar  interests.  You  can  get 
listed  for  free  by  filling  out  the  attached  form  and 
returning  it  to  the  Personal  Computing  Directory  ad- 
dress. Permission  to  copy  this  form,  and  distri- 
bute it,  is  granted.  Please  note  the  space  for  a 
"System  Name."  This  directory  will  serve  as  a  reg- 
istry for  people  who  would  like  to  have  a  unique 
name  for  their  system.  It  will  be  analogous  to 
call  numbers  used  by  radio  amateurs.  I  would  like 
to  suggest  something  like  the  following:  "Con- 
certina6800NH,"  where  Concertina  might  indi- 
cate a  music  system  based  on  the  Motorola  B800 
chip,  and  NH  indicates  it  is  located  in  New  Hamp- 
shire. I  will  assist  in  the  resolution  of  same-name 
conflicts.  Please  try  to  list  at  least  two  interests, 
and  while  there  is  no  theoretical  upper  limit  (just 
a  space  and  patience  limit),  I  will  do  some  "prun- 


ing" to  restrict  the  size  of  some  listings.  Please 
note  that  if  you  want  to  be  on  the  directory  list, 
but  not  the  mailing  list,  someone  may  still  use 
your  name.  They  will  be  considered  rats!  So, 
copy  the  form,  send  it  to  friends,  fill  one  out  for 
yourself,  send  it  in,  and  hurry  on  down  to  your 
local  computer  store  (or  order  from  the  Personal 
Computing  Directory  address)  to  buy  the  1977  edi- 
tion of  the  directory!  The  price  will  be  a  mere 
$4.95,  for  a  200+  page,  8V4  by  1 1  inch  paper- 
back, black  and  white,  available  about  April  1, 
1977. 

For  further  information  contact  Personal  Com- 
puting   Directory,    Box    134,    Harvard    Square, 
Cambridge  MA  02138;  (617)  354-1216. 
CIRCLE  INQUIRY  NO.  33S 

Microcomputer  Application  Handbook 
for  8080A  Based  Systems 

A  new  144-page  microcomputer  applications 
handbook  for  tasis  Inc.  explores  the  advantages 
and  applications  of  microcomputers  in  general, 
with    particular    emphasis    on    8080    based 

systems. 


Throughout  the  handbook  extensive  use  is 
made  of  tables,  diagrams  and  schematics  to 
supplement  the  text  material.  The  text  is  written 
in  a  manner  which  leads  the  reader  through  all 
important  decisions,  appraising  him  of  all 
tradeoffs  and  pitfalls  in  designing  operational 
systems.  The  applications  handbook  thoroughly 
discusses  the  design  and  operation  of  micro- 
computers and  the  roles  of  OEM  and 
development  systems.  Also  included  in  the  hand- 
book is  a  complete  hardware  design  casebook 
which  takes  the  reader  through  an  actual  system 
design.  Considerable  attention  is  paid  to  design- 
ing system  monitors,  text  editors  and  assembler 
programs.  The  handbook  contains  complete  in- 
formation on  the  architecture  and  all  78  instruc- 
tions of  the  8080  CPU. 

The  lasis  Microcomputer  Applications  Hand- 
book is  available  immediately  in  1-99  quantities 
for  $7.95. 

For  further  information  contact  lasis  Inc.,  81  5 
W.  Maude  Ave.,  Sunnyvale,  CA  94086;  (408) 
732-5700. 

CIRCLE  INQUIRY  NO.  336 

ON—LINE,  Classified  Ads  for  Hard-  & 
Soft-  Wares 

ON LINE  is  now  smaller  (type  style)  in  order 

to  be  larger  (content).  ON LINE  is  mailed  First 

Class  every  three  weeks  and,  since  the  U.S. 
Postal  Service  charges  by  the  ounce,  the  new 
format  was  designed  to  fit  the  contents  of  up  to 
20  letter-size  pages  in  a  .94  oz.  package. 
ON — LINE  contains  buy,  swap  &  sell  classified- 
format  advertisements  submitted  by  individual 
computer  hobbyists,  as  well  as  by  small  and 
large  commercial  enterprises,  pertaining  to  items 
of  interest  to  hobbyists  and  other  users  of  micro- 
computer   systems.    ON LINE    also    contains 

New  Product  Announcements  and  computer 
club  meeting  schedules.  Frequent  publication 
and  an  ad  deadline  only  4  days  before  mailing  in- 
sures up-to-date  content.  Ad  rates  as  low  as 
$1.50  per  96-character  line  for  non-commercial 
ads.  18-issue  subscription  (1  year)  -$3.75.  Free 
sample  issue  sent  on  request,  or  added  to  sub- 
scription. 

For   further    information    contact    ON LINE, 

24695  Santa  Cruz  Hwy„  Los  Gatos,  CA  95030. 
CIRCLE  INQUIRY  NO.  337 


MMD-1   Microcomputer  Brochure 

An  8-page  brochure  describing  the  Mini-Micro 
Designer,  MMD-1  education  and  development 
microcomputer  and  its  optional  accessories  is 
available  from  E&L  Instruments. 

Based  on  the  8080A  8-bit  microprocessor, 
the  MMD-1  is  a  complete  self-contained  com- 
puter in  a  desk-top  case  with  a  convenient  key- 
board. Simple  enough  for  "hands-on"  self- 
instruction  or  classroom  use,  it  is  also  a  low-cost 
software  and  systems  development  aid  for  the 
hobbyist  as  well  as  the  professional  circuit 
designer. 


EDUCATION  AND  DEVELOPMENT 
MICROCOMPUTER 


This  illustrated  brochure  contains  descriptions 
and  block  diagrams  of  the  MMD-1  and  its  add- 
on memory  interface  board.  In  addition,  the 
topics  covered  by  the  included  microcomputer 
programming  and  interfacing  course  are  listed. 
Prepared  specifically  for  use  with  the  MMD-1, 
the  comprehensive  text  is  adapted  from  E&L 
Instruments'  proven  self-teaching  Bug-book 
series. 

Copies  of  the  MMD-1  brochure  are  available 
from  E&L  Instruments.  Inc..  its  representatives 
and  authorized  dealers. 

For  further  information  contact  E&L 
Instruments  Inc.,  61  First  Street,  Derby.  CT 
06418;  Telephone  (203)  735-8774;  Telex 
963536. 

CIRCLE  INQUIRY  NO.   338 

Catalog  on  Custom  and 

Standard  I.C.  Packaging 

Products 

Scanbe  has  introduced  a  new  28-page 
catalog  that  describes  the  company's  line  of  I.C. 
packaging  products.  The  catalog  includes 
detailed  information  on  socket  cards  and  panels, 
card  files  and  packaging  drawers,  dual-in-line 
ME-2  sockets  and  pin  strips,  connectors,  kit 
cards,  extender  and  cable  termination  cards,  as 
well  as  a  wide  complement  of  I.C.  packaging 
accessories. 

For  a  copy  of  the  new  I.C.  Packaging  Catalog, 
write  or  call  Scanbe,  3445  Fletcher  Avenue,  Et 
Monte,  CA  91731.  Telephone  (213)  579-2300. 
CIRCLE  INQUIRY  NO.  339 

ia515  Microcomputer 
Programmed  Learning  Course 

The  lasis  programmed  learning  series  comes 
in  six  easy-to-follow  volumes  along  with  all 
associated  design  aids.  This  complete  course 
combines  the  most  effective  methods  of  self  in- 
struction ever  developed  with  all  the  technical  in- 
formation necessary  to  design  a  wide  variety  of 
sophisticated  microcomputer  systems. 

The  continuous  learning  and  motivation 
through  questions  and  answers  is  the  heart  of 
programmed  learning.  The  lasis  course  uses  this 
stimulating  technique  in  a  way  that  causes  the 
reader  to  devote  his  full  attention  to  the  entire 
course. 

As  a  bonus  lasis  offers  a  free  Microcomputer 
Applications  Handbook  to  subscribers  of  the 
ia5 1 5  course.  This  handbook  covers  actual  OEM 
system  design  and  development  and  a  multitude 
of  applications  for  8080  based  systems. 

For  further  information  contact  lasis  Inc.,  815 
West  Maude  Ave.,  Sunnyvale.  CA  94086;  (408) 
732-5700. 
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Disc/3 


TURNKEY  SOFTWARE  SPECIALISTS 


EASY 

TO  ASSEMBLE 

Lear-Sigler  ADM-3  terminal  kit  with 
NEW  DCA  (direct  cursor  addressing) 
24  lines  x  80  characters;  64  ASCII 
upper  characters,  plus  punctuation  and 
control;  5x7  dot  matrix;  EIA  standard 
RS232C  and  20mA  current-loop  (switch 
selectable). 

$849.95*with  DCA 


FAST 

MICROPROCESSOR 

IMSAI  8080  microcomputer,  top  of  the 
line;  rugged  industrial  quality;  28  amp 
power  supply;  22  slot  mother  board; 
fully  expandable  to  64K;  will  support 
floppy  disk  drive,  terminal,  audio-tape 
cassette  input  device,  300  Ipm  printer. 

$659.95* 

Look  to  DISC/3. ..authorized  distributors  for  IMSAI,  Lear-Sigler, 
Cromemco,  Z-80,  Centronics  Data  Computer,  Digital  Equipment 
Corp.,  and  Data  General  Corp.  We  also  carry  TDL. 


Disc/3 


1840  Lincoln  Blvd., 

Santa  Monica,  Calif.  90404 

Store  hours 

Monday-Friday  8:30-5:30 

'Prices  subject  to  change. 


RUSH  ORDER  FORM  -  or  Call  Disc/3  (213)  451-8911 

KIT"  ASSEMBLED  TOTAL 

ADM  3-K  with  DCA  (24  x  80)     $849.95        $1099.95         

IMSAI  8080  microsystem  $659.95  $999.95        , 

Californians  please  add  sales  tax 
Enclosed  is  my   □  cashiers  check,  fj  money  order,  □  personal  check, 

□  $100  deposit  for  CO. D.      Signature 

□  BankAmericard    NQ 

□  MasterCharge     "«  (,! 


N0_ 


ADDRESS 


STATE 


ZIP 


we  honor 

master  charge] 
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1976-77  Power  Supply  Catalog 

ATL's  new  60  page  1976-77  catalog  is  now 
available.  This  free  catalog  lists  over  3.500  stan- 
dard power  supply  modules  with  complete 
electrical  specifications,  operating  parameters, 
dimensional  charts,  and  prices  from  1  through  99 
pieces. 


This  year  we  are  proud  to  list  a  complete  new 
line  of  AC  to  DC  power  modules  designated  the 
"UN"  Series.  These  hi-efficiency  units  operate 
from  400  Hz  lines  and  have  outputs  from  5-50 
VDC,  including  dual  12's  and  15's.  Output  power 
ratings  are  25,  50,  and  100  watts  at  each 
voltage.  All  units  are  hermetically  sealed  and  are 
built  to  meet  specifications  such  as  MIL-E-5400, 
MIL-STD-461,  and  MIL-STD-810. 

For  further  information  contact  Abbott  Tran- 
sistor Laboratories,  Inc..  5200  W.  Jefferson 
Blvd.,  Los  Angeles,  CA  90016. 
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Home  Computers:  210  Questions  and 
Answers  About  Hardware 


So  you  bought  a  home  computer.  Now  what? 

This  book  is  for  the  person  with  a  micro- 
computer who  wants  to  get  an  idea  of  what  it 
will  —  and  can  —  be  like  to  use  it  to  the  fullest. 
Ideas  for  things  to  do,  help  in  reading  the 
literature,  help  in  deciding  what  ways  to  go  — 
it's  all  here  in  easy-to-understand  language  for 
the  beginner. 

Table  of  Contents:  Introduction  —  General 
concepts,  It  really  isn't  magic.  Why  is  it  happen- 
ing now?  What  do  I  need  to  know  to  do  what  I 
want  to  do?  Hardware  —  Number  represen- 
tations —  binary,  octal,  hexadecimal.  Logic,  Cir- 
cuit components,  How  to  read  diagrams,  Putting 
components  together,  Some  specific  micro- 
processors, How  to  put  a  kit  together.  What  You 
Can  Do  With  It  —  Control,  communications, 
computation,  education,  organization.  Out-ro  — 
Where  to  go  from  here.  What's  on  the  horizon. 

150  pp.  dilithium  Press.  75  illus.  February 
1977.  Paper  $6.95. 
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Home  Computers:  2'°  Questions  and 
Answers  About  Software 

A  companion  volume  to  the  above  book,  this 
guide  leads  the  new  microcomputer  owner 
through  the  thorny  problems  surrounding  the 
selection  and  use  of  software. 

Contents:  How  to  program  in  —  raw  machine 
code,  assembly  language.  Basic.  What  you  can 
use  arrays  for.  The  best  programming  language. 
Structured  programming. 

1  50  pp.  dilithium  Press.  25  illus.  March  1 977. 
Paper  S6.95. 
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Microprocessor  Books 

Osborne  &  Associates  dominate  the  market  in 
microprocessor  bodks.  Our  four  available  titles 
sell  10,000  to  15,000  copies  per  month.  More 
than  500  universities  have  adopted  these  books 


as  texts.  This  acceptance  reflects  the  high  quality 
and  extensive  coverage  provided. 

"An  Introduction  to  Microcomputers  -  Volume 

I  -  Basic  Concepts"  tells  you  everything  you  need 
to  know  about  microprocessors  and  microcom- 
puters in  general.  285  pages.  S7.50,  paperback. 

"An  Introduction  to  Microcomputers  -  Volume 

II  -  Some  Real  Products"  covers  every  micro- 
processor on  the  market  today  and  all  their  sup- 
port devices.  868  pages,  $12.50,  paperback. 

"8080  Programming  for  Logic  Design"  and 
"6800  Programming  for  Logic  Design"  explain 
how  to  use  microprocessors  as  a  professional 
engineer  in  a  digital  logic  environment.  280 
pages,  $7.50,  paperback. 

For  further   information   contact  Osborne   & 
Associates,  Inc.,  P.O.  Box  2036,  630  Bancroft 
Way,  Berkeley,  CA  94710:  (415)  548-2805. 
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New  Catalog  Available  Free 

The  new  96-page  Heathkit  Catalog  describes 
nearly  400  electronic  kits  that  will  suit  almost 
any  interest.  Available  from  Heath  Company, 
Dept.  350-11,  Benton  Harbor.  Michigan  49022. 
product  categories  include  —  Amateur  Radio, 
Hi-Fi  Components.  Color  TV,  Test  Instruments. 
Digital  Clocks  and  Weather  Instruments.  Radio 
Control  Equipment,  Marine,  Aircraft  and  Auto 
Accessories,  and  more. 

New  products  introduced  in  the  new  catalog 
include  a  3-way  bookshelf  speaker  system,  a 
battery  monitor  device  for  radio  control  modelers 
and  a  complete  selection  of  fully-assembled, 
name  brand  40-channel  citizens  band  radios. 
Also  noteworthy  are  Heath's  convenient  two- 
way  freezer  alarm  and  a  mount-anywhere  touch 
control  light  switch. 

For  further  information  contact  Heath  Com- 
pany. Benton  Harbor,  Michigan  49022.  (616) 
982-3417. 
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Microprocessor  Books 

Four  microprocessor  paperback  texts  are 
available  from  Osborne  &  Associates.  The  four 
available  titles  sell  between  10,000  to  15,000 
copies  per  month.  According  to  a  company 
spokesman  more  than  500  universities  have 
adopted  these  books  as  texts. 

The  four  books  are: 

"An  Introduction  to  Microcomputers  — 
Volume  I  —  Basic  Concepts"  tells  you  every- 
thing you  need  to  know  about  microprocessors 
and  microcomputers  in  general.  It  has  285  pages 
and  costs  $7.50  in  paperback. 

"An  Introduction  to  Microcomputers  — 
Volume  II  —  Some  Real  Products"  covers  every 
microprocessor  on  the  market  today  and  all  their 
support  devices.  Volume  II  is  868  pages  and  runs 
for  $12.50  in  paperback. 

"808'0  Programming  for  Logic  Design"  and 
"6800  Programming  for  Logic  Design"  explain 
how  to  use  microprocessors  as  a  professional 
engineer  in  a  digital  logic  environment.  Both 
books  are  280  page  paperbacks  and  cost  $7.50 
each. 

For  further  information  contact  Osborne  & 
Associates.  Inc..  at  P.O.  Box  2036,  Berkeley.  CA 
94702  or  at  630  Bancroft  Way,  Berkeley.  CA 
94710:  (415)  548-2805. 
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ACM  Publishes  1977 
Administrative  Directory 

The     1977     edition     of    the    Administrative 
Directory  of  Chairmen  of  University  and  College 


Computer  Science  Departments  and  Directors  of 
Computer  Centers  is  now  available  from  ACM 
Headquarters.  In  addition  to  names,  addresses, 
and  telephone  numbers,  the  Directory  lists  com- 
puter science  and  data  processing  degrees 
offered  and  major  on-site  computing  equipment. 
As  in  the  past,  the  officers  and  key  staff  members 
of  related  computer  organizations  are  included. 
The  Administrative  Directory,  consisting  of 
more  than  2,300  names,  has  nearly  doubled  in 
size  from  the  first  edition  published  last  year  and 
now  includes  colleges  in  Canada  as  well  as  the 
U.S.  It  may  be  ordered  from  the  ACM  Order 
Department,  P.O.  Box  12105,  Church  Street 
Station,  New  York.  NY  1 0249  at  $7.00  for  ACM 
members  and  $9.00  for  others,  prepaid. 
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New  Opto  Component 
IEE  Catalog 

Industrial  Electronic  Engineers,  Inc.,  (IEE), 
now  has  available  a  new  Short  Form  Catalog 
(OCSF-1)  featuring  lEE's  Opto  Component 
Products. 


Full  product  descriptions,  specifications  and  il- 
lustrations contained  in  this  convenient  brochure 
include:  IEE-APOLLO  Incandescent  Tube  Digital 
Displays,  IEE-AURORA  Incandescent  Flatplack 
Digital  Displays,  IEE-HERCULES  Light  Emitting 
Diode  Digital  Displays,  IEE-ATLAS  Universal 
Display  Mounting  Hardware,  IEE- 
HERCULES/ELECTRA  Solid  State  Indicators, 
and  IEE-ELECTRA  Subminiature  Incandescent 
Lamps.  All  of  the  products  described  in  the 
catalog  are  available  through  lEE's  local  stock 
ing  distributors. 

lEE's  Opto  Component  Short  Form  Catalogue 
is  available  free  upon  request  to:  IEE,  7740 
Lemona  Ave.,  Van  Nuys.  CA  91405:  (213)  787- 
0311,  ext.  268. 
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Your  Introduction  to  Home  Computers 
James  Melsa  and  David  Cohn 

Beyond  the  Basics  —  You've  read  and  learned 
about  the  fundamental  skills.  You  are  in  touch 
with  the  possibilities  and  capabilities  of  your 
micro.  You  know  who  sells  what  and  what  each 
product  can  do.  You  know  who  else  is  working 
with  micros  in  your  area,  and  where  the  best 
computer  store  is.  Now  what? 

Now  you  are  ready  for  this  more  advanced 
book  which  will  show  you  how  to  put  together  all 
you've  learned,  and  apply  it  in  new  and  exciting 
ways  to  your  micro. 

This  is  where  your  investment  of  time  and  in- 
terest will  really  begin  to  pay  off.  New  and  more 
advanced  games;  more  complex  and  sophis- 
ticated applications:  more  challenging  languages 
and  concepts  —  all  are  here,  explained  in  a  lively 
and  stimulating  style. 
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COMPUTER  COMPONENTS 

5848  Sepulveda  Blvd.,  Van  Nuys,  CA  91411  (213)-786-7411 


Hours: 

Tuesday-Friday 
Saturday,  Sunday 
CLOSED  MONDAY 
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Computer  Components  is  dedicated  to  serving  the  needs  of  the  computing  community.  We  offer  a 
complete  line  of  computers  and  computer  related  products.  We  will  ship  anywhere  in  the  world. 
Satisfaction  guaranteed. 

Terms: 
10AM  to  9PM  Call  or  write  for  discounts.  We  pay 

10AM  to  6PM  shipping  on  UPS  orders  over  $25.  All 

others  add   $2  for   postage   and 

handling. 
We  are  authorized  distributors  for  the  following  companies: 

IMSAI  •  INTELLIGENT  SYSTEMS  •  POLYMORPHIC  SYSTEMS  •  CROMEMCO  •  TARBELL  •  KIM1  • 
TECHNICAL  DESIGN  LABS  •  SOLID  STATE  MUSIC  •  VECTOR  GRAPHICS  •  RO-CHE  SYSTEMS 
•  CONTINENTAL  SPECIALTIES  •  VECTOR  ELECTRONICS  •  SAE  •  TEXAS  INSTRUMENTS  •  SIGNETICS  • 
NATIONAL  SEMICONDUCTOR  •  ADVANCED  MICRO  DEVICES  •  SAMS  BOOKS  •  HAYDEN  •  WILEY 
...and more  on  the  way.  Always  ask. 
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All  the  things  you  imagined  yourself  doing 
with  your  micro  when  you  first  got  it  —  the  hours 
of  fun  building  new  game  plans,  exploring  new 
programming  possibilities,  devising  new  or  more 
intriguing  applications  —  all  require  more 
knowledge  and  skills  than  simple  manuals  can 
provide.  This  book  builds  on  your  basic 
knowledge  and  leads  you  on  to  a  more  sophis- 
ticated understanding  of  the  powerful  little  tool 
your  micro  is. 

You  won't  want  to  miss  this  chance  to  really 
master  your  micro.  This  book  will  introduce  you 
to  the  full  range  of  skills  you  need  to  get  the  most 
out  of  your  challenging  hobby. 

175  pp.  dilithium  Press.  50  illus.  March  1977, 
Paper  $7.95. 
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Low  Profile  Stripswitch  Folder 

Six  pages  fully  describe  the  unique  EECO 
2500  series  STRIPSWITCH.  These  minature. 
binary  coded  switches  can  be  mounted  directly 
on  printed  circuit  boards  with  wave  or  hand 
soldering.  They  are  low  profile,  ten  position 
switches  that  feature  a  snap-together  design  and 
a  choice  of  thumbwheel  or  scredriver  settings. 
The  folder  shows  dimensions,  available  codes, 
options,  specifications,  distributor  sources  and 
prices. 

For  further  information  contact  EECO,  1441  E. 
Chestnut  Ave.,  Santa  Ana,  CA  92701.  Phone 
(714)  835-6000;  TWX  910-595-1550;  Telex 
67-8420. 
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Buyer's  Guide  to  Business  Mini-computer 
Systems 

A  new,  single  volume  buyers'  guide  to  help 
the  business  user,  analyst,  or  manufacturer  com- 
pare, evaluate,  and  select  currently  marketed 
business  minicomputer  systems  is  now  available 
from  AUERBACH  Publishers. 

The  Winter  1976-1977  issue  of  the  AUER- 
BACH Buyers'  Guide  to  Business  Minicomputer 
Systems  is  now  available  for  $59  from  AUER- 
BACH Publishers  Inc..  6560  North  Park  Drive. 
Pennsauken,  NJ  08109.  It  is  also  possible  to 
purchase  the  Winter  1976-1977  and  the  Fall 
1977  issues  for  a  combined  price  of  $99. 
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Realistic  Controls  Corporation 
Will  Distribute  Fortran  Compiler  for  8080 

Cleveland,  Ohio,  November  1,  1976  — 
Realistic  Controls  Corporation  (RCC),  signed  an 
agreement  with  Unified  Technologies  Inc.  of 
Islington.  Ontario  appointing  Realistic  Controls 
Corporation  as  sole  U.S.  distributor  of  FORT//80, 
a  resident  FORTRAN  IV  compiler  for  the  8080 
microcomputer. 

FORT//80  is  a  high  level  language  designed  to 
simplify  programming  the  industry  standard 
8080  microcomputer.  It  allows  users  to  program 
their  problems  in  FORTRAN  directly  on  their  in- 
house  development  systems,  drastically  reducing 
software  development,  debugging  and  docu- 
mentation costs. 

RCC  announced  the  immediate  availability  of 
F0RT//80  for  Intel  MDS  Systems  using  either 
paper  tape  or  Intel  or  iCOM  floppy  disks  (and 
their  respective  operating  systems).  In  addition, 
FORT//80  will  soon  be  available  for  Intel  SBC 
systems  with  Intel  or  iCOM  floppy  disks. 

FORT//80  is  available  immediately  on  a  non- 
disclosure basis  for  $750,  plus  a  $25  charge  for 
media  and  documentation. 

For  further  information  contact  Realistic 
Controls  Corporation,  3530  Warrensville  Center 
Road,  Cleveland,  OH  44122;  (216)  751-3158. 
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Encounter! 

Encounter!  is  the  computer  age  version  of 
game  board  warfare.  This  type  of  game  char- 
acteristically contains  a  playing  field  upon  which 
two  opposing  forces  meet.  The  nature  of  the  field 
varies  from  a  single  rectangular  pattern  to  a 
world  map.  The  forces  may  consist  of  men, 
markers,  armies,  units,  bishops,  and  many  more. 

In  Encounter!  the  forces  are  'men,'  all  of  equal 
worth,  placed  on  a  rectangular  (10x  12)  grid  of 
'districts.'  Some  districts,  described  as  blocked, 
may  not  be  entered,  and  so  create  a  distinct  play- 
ing field.  Each  occupied  district  may  be  ordered 
to  'attack'  an  adjacent  district  held  by  the  enemy. 
The  battle  then  proceeds  at  a  fixed  pace  without 
player  intervention.  The  loss  of  men  is  deter- 
mined by  chance,  heavily  influenced  by  a  sliding 
scale  of  odds  —  which  depend  on  the  relative 
sizes  of  the  opposing  forces. 

Because  it  is  a  computer  game,  Encounter! 
has  several  new  and  exciting  aspects  which 
separate  it  from  its  predecessors.  Most  impor- 
tant is  the  fact  that  all  of  the  activities  in  En- 
counter! occur  in  real  time.  There  is  no  taking 
turns.  Each  player  is  attacking  and  defending  in 
as  many  places  on  the  field  as  he  is  mentally  able 
to  maintain  at  one  time.  Compared  to  the  old- 
fashioned  pre-computer  days  of  taking  turns,  the 
pace  is  a  furious  one. 


Also  unique  to  this  latest  version  of  'Game 
Board  Warfare'  is  the  game's  ability  to  be  recon- 
figured. The  main  game  parameters,  including 
the  positions  of  the  blocked  districts  (and  so  the 
playing  field)  can  be  easily  changed.  The  newly 
created  game  can  be  stored  as  part  of  the  over- 
all game  framework,  to  be  recalled  for  playing  at 
any  time.  As  an  example  of  this.  Encounter!  is 
actually  delivered  containing  three  different 
games:  'Maneuver.'  'Siege,'  and  'Guerilla.' 

Encounter!  is  written  in  BASIC  8080  assem- 
bly language  and  will  run  in  4K  of  RAM.  (The  ori- 
gin is  currently  set  at  16K.)  A  memory  mapped 
video  display  with  a  16  x  64  format  (E.G. 
Processor  Tech  VDM-1)  is  required.  Since  the 
game  involves  two  players  working  in  real  time, 
two  independent  keyboards  are  necessary.  The 
software  is  provided  as  source  code,  with  com- 
ments, game  explanations,  rules,  etc.  A  paper 
tape  is  available  at  additional  cost. 

To  order  the  Encounter!  game,  send  a  check 
or  money  order  for  $12.95  to  Objective  Design. 
Inc..  P.O.  Box  20456.  Tallahassee.  Fla.  32304. 
Program  available,  on  paper  tape  for  $16.95. 
Florida  residents  please  add  4%  state  sales  tax. 
All  orders  shipped  prepaid  within  U.S. 
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Software  Package  0.5 

This  package  is  an  addition  to  the  well  known 
Processor  Technology  Software  Package  No.  1 
(SPKG1).  SPKG1  is  an  assembler-editor  com- 
bination with  some  elements  of  an  operating  sys- 
tem. It  provides  an  8080  computer  with  the 
ability  to  create  a  source  program,  maintain  it  in 
system  RAM.  and  then  assemble  it.  Although 
SPKG1  is  a  major  improvement  over  switching  in 
code  directly  to  memory,  it  has  some  serious 
deficiencies.  Perhaps  it  would  be  better  to  say 
that  it  is  incomplete.  Software  package  0.5 
(SPKG.  5)  is  intended  to  be  added  to  SPKG1  and 
largely  complete  it. 

All  of  the  commands  and  options  of  SPKG1 
are  unaffected  by  SPKG.  5.  Memory  require- 
ments are  increased  by  approximately  1.75K 
when  all  options  of  SPKG.  5  are  implemented.  It 
is  recommended  that  at  least  12K  of  RAM  be 
available  for  the  editor/assembler  combination. 

SPKG.  5  is  made  available  in  the  form  of 
source  code.  The  package  is  added  to  the  user's 
existing  SPKG1  system  by  editing  in  the  source 
code  and  assembling  the  program.  Therefore,  an 
up  and  running  version  of  SPKG1  is  required  to 
make  use  of  SPKG.  5.  Following  assembly  the 
user  makes  patches  into  the  SPKG1  code,  thus 
combining  the  two  programs.  Since  SPKG.  5  is 
in  source  form,  the  user  is  free  to  configure  his 
system  according  to  the  limitations  of  his  hard- 
ware. 


To  order  send  check  or  money  order  to  objec- 
tive design,  Inc.,  P.O.  Box  20456.  Tallahassee, 
FL  32304.  Cost  is  $14.95  plus  4%  sales  tax  for 
Florida  residents.  Postage  prepaid  for  all  U.S. 
shipments. 

CIRCLE  INQUIRY  NO.  354 

New  Business  Software 

Microbyte  Computer  Systems  is  now 
announcing  a  complete  set  of  business  software 
packages  for  the  8080  and  Z80  processors.  All 
program  packages  feature  an  extensive  users' 
manual  with  technical  documentation,  two  year 
software  support  with  updates,  and  assembler 
level  coding  for  efficient  storage  allocation  and 
high  processing  speed.  All  software  packages  are 
designed  for  use  by  non-technical  personnel. 

Microbyte  packages  for  accountants  and 
businessmen  include  General  Ledger,  Accounts 
Receivable,  Accounts  Payable,  Payroll 
Processing,  Inventory  Control  and  Accountants 
Quarterly  Payroll  System. 

The  Microbyte  information  retrieval  system 
provides  document  selection  and  location  based 
on  presence/absence  of  selected  key  criteria, 
magnitude  sensitivity  of  selected  key  values,  and 
user  weighted  key  criteria. 

Microbyte  software  will  be  made  available  to 
run  on  ell  major  microprocessors  during  the  third 
quarter  of  1977. 

For  further  information  contact  Bob 
Barthelow,  Microbyte  Computer  Systems,  584 
Rio  Lindo.  Suite  4,  Chico.  CA  95926;  (916)891- 
1300. 

CIRCLE   INQUIRY   NO.  355 

Spacewar  Available  For  Cromemco 
Dazzler" 

Probably  one  of  the  most  famous  of  all 
computer  games  is  now  available  for  first  time 
for  a  microcomputer.  Spacewar  is  available  for 
the  Dazzler. 

The  Cromemco  TV  Dazzler  is  one  of  several 
peripherals  in  the  hobbyist  field.  It  lets  the 
hobbyist  see  the  content  of  this  computer 
memory  mapped  in  full  color  on  an  ordinary  color 
TV  set  (Spacewar.  however,  is  displayed  in  black 
and  white). 

With  the  new  Cromemco  software,  two 
players  play  Spacewar  using  two  Cromemco 
JS-1  joystick  consoles. 

Price  for  a  paper  tape  listing  of  SPACEWAR  is 
$15.  Tapes  are  available  at  computer  stores  or 
from  Cromemco.  Delivery  from  Cromemco  is 
immediate. 

For  further  information  contact  Joe  McCrate, 
Cromemco,    2432    Charleston    Road,    Mountain 
View,  CA  94043:  (415)  964-7400. 
CIRCLE   INQUIRY  NO.  356 
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Isn't  it  time  .  .  . 
pa  had  put  own  persons!  computet? 

Read  BUTE ,  the  leading  national  publication  covering  the  fantastic  new  field  of  per- 
sonal computer  applications.  Today,  large  scale  integration  has  made  it  possible  for 
the  individual  to  enjoy  the  unique  benefits  of  a  general  purpose  computing  system. 
Now,  an  entire  micro  industry  markets  microcomputer  related  items,  products  that 
range  from  computer  system  kits  to  peripherals,  software  and  literature  on  the  sub- 
ject. But  where  should  you  go  for  all  the  details  about  your  personal  involvement  in 
computer  technology? 

Read  BUI  ,  the  Small  Systems  Journal  devoted  exclusively  to  microcomputer 
systems.  Every  issue  a  monthly  compendium  of  lively  articles  by  professionals,  com- 
puter scientists,  and  serious  amateurs. 

•  Detailed  hardware  and  software  design  articles  authored  by  individuals  who  are 
experimenting  in  the  field. 

•  Tutorial  background  articles  on  hardware,  software  and  applications  ideas  for  the 
home  computer  and  general  topics  of  computer  science. 

•  Reviews  of  processors  as  candidates  for  small  general  purpose  systems. 

•  An  editorial  bias  toward  the  fun  of  using  and  applying  computers  toward  personally 
interesting  problems  such  as  electronic  music,  video  games,  control  of  systems  for 
hobbies  from  ham  radio  to  model  railroading,  uses  of  computers  from  burglar 
alarms  to  private  information  systems. 

•  Advertisements  of  the  firms  who  bring  you  products  to  help  expedite  your  personal 
computing  activities. 

•  Information  on  clubs,  newsletters  and  other  social  activities  of  the  individuals 
engaged  in  personal  computing. 

Don't  miss  a  single  EITE  ,  Order  your  subscription  today  by  filling  in  this  coupon,  or 
phone  your  request  directly  —  call  603/924-7217  and  ask  for  subscription  department. 


Read  your  first  copy  of  BYTE  from 
cover-to-cover.  If  it's  everything  you  ex- 
pected, honor  our  invoice.  If  it  isn't,  just 
write  'CANCEL'  across  the  invoice  and 
send  it  back.  You  won't  be  billed  and  the 
first  issue  is  yours  to  keep. 

Allow  4  to  6  weeks  for  processing. 


BITE 


D  $12  One  Year 

.     Bill  me 

D  Bill  BankAmericard 


70  Main  St.,  Peterborough,  N.H.  03458 

Please  enter  my  subscription  to  BYTE.  . 


U  $22  Two  Years 
□  Check  Enclosed 


D  $30  Three  Years 


Bill  Master  Charge 


Credit  Card  Number  DDDDDDDDDDDDDD 

Credit  Card  Expiration  Date 

Name  (Please  Print)  

Address    
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Games  and  Demonstrations  Package 
for  the  KlM-1 

These  are  contained  in  an  integrated  software 
package  that  includes  a  "language"  which  will  let 
the  user  create  his  own  programs.  The  software 
package,  named  PLEASE,  runs  on  the  basic  KIM- 
1.  It  does  not  require  additional  memory, 
teletype,  or  special  peripherals.  PLEASE  is 
distributed  as  a  Cassette  Tape,  a  sixteen  page  set 
of  Operating  Instructions,  and  a  forty-four  page 
set  of  annotated  Source  Listings  and  other 
PLEASE  system  information,  including  a  Digital 
Clock,  a  High  Speed  Timer,  an  Adding  Machine, 
and  Intoxication  Tester,  a  simple  Guess-the- 
Number  Game,  a  complex  Number  Game,  the 
Shooting  Stars  Puzzle,  a  Moving  Message 
Display,  a  Reaction  Time  Tester,  a  Decimal  to 
Hex  and  Hex  to  Decimal  Converter.  Only  $10.00 
from  your  favorite  computer  store. 

For  further  information  contact  The  COM- 
PUTERIST.  P.O.  Box  3,  S.  Chelmsford.  MA 
01824. 

CIRCLE  INQUIRY  NO.  357 

Unabridged  Source  Code  &  Documentation 
for  8080  Basic  Published 

January  30,  1977.  Menlo  Park.  CA  —  The 
complete  documentation,  and  a  complete,  anno- 
tated assembler  listing  of  a  BASIC  interpreter  for 
the  8080  has  been  published  in  Dr.  Dobb's  Journal 
of  Computer  Calisthenics  &  Orthodontia.  The  assembler 
listing,  by  itself,  is  over  46  pages  long. 

This  particular  BASIC  interpreter  was 
developed  in  1976  by  the  Lawrence  Livermore 
Laboratory.  Those  principally  responsible  for  its 
development  were  John  Dickenson,  Jerry  Barber, 
John  Teeter,  and  Eugene  Fisher.  The  Laboratory 
operates  under  the  direction  of  the  University  of 
California  and  the  U.S.  Energy  Research  & 
Development  Administration. 

The  BASIC  interpreter  is  designed  to  operate 
on  a  MCS-8080  system.  It  is  "pure  code";  that 
is,  it  may  be  placed  in  ROM  or  PROM.  It  requires 
five  kilobytes  of  storage  for  the  interpreter.  The 
interpreter  includes  a  complete  floating  point 
package.  The  documentation  and  listing  of  the 
floating  point  routines  is  included  in  the  materials 
published  in  Dr.  Dobb's  Journal.... 

For  further  information  contact  Dr.  Dobb's 
Journal  of  Computer  Calisthenics  and  Orthodon- 
tia. Box  E,  Menlo  Park,  CA  94025;  (415)  323- 
3111. 

CIRCLE  INQUIRY  NO.  358 

OSI  6502  8K  BASIC 

OSI's  new  8K  BASIC  for  the  6052  was 
written  by  Microsoft,  the  people  who  wrote 
ALTAIR"  8K  BASIC  for  the  8080.  OSI's  6502 
8K  BASIC  is  identical  to  this  powerful  and  pop- 
ular 8K  BASIC  with  two  very  important  excep- 
tions: our  OSI  6502  8K  BASIC  has  automatic 
string  space  handling,  and  it  runs  faster.  Up  to  8 
times    faster    than    the    8080    BASIC.    And 


hundreds    of    times    faster    than    many    6800 
BASICS. 

In  fact,  the  OSI  Challenger  with  OSI  6502  8K 
BASIC  can  actually  outperform  most  small  and 
medium-scale  minicomputers,  as  well  as  every 
micro  there  is!  And  that  includes  the  Z-80. 

Perhaps  even  more  amazing  than  its  super- 
lative performance  is  its  surprisingly  low  price: 
either  $50  or  free. 

OSI  6502  8K  BASIC  is  available  to  OSI 
System  kit  builders  for  $50,  on  your  choice  of 
paper  tape,  audio  cassette  or  floppy  disk. 

And  OSI  6502  8K  BASIC  comes  free  with  the 
purchase  of  any  12K  or  larger  OSI  Challenger. 

For  further  information  contact  Ohio  Scientific 
Instruments,  11679  Hayden  St.,  Hiram,  OH 
44234. 

CIRCLE   INQUIRY  NO.  359 

Software  Catalogue 

TSC  is  pleased  to  announce  the  release  of  the 
world's  first  catalog  dedicated  to  hobbyist  com- 
puter software.  It  contains  complete  descrip- 
tions of  over  twenty  programs  for  the  6800.  six 
for  8080,  and  six  for  6502.  These  programs  in- 
clude both  games  as  well  as  many  useful  ones. 
All  are  written  in  assembly  language,  which 
means  a  high  level  language  interpreter  is  not 
needed.  Some  of  the  titles  are:  HANGMAN, 
ACEY-DUCEY,  SWITCH.  HURKLE,  SPACE 
VOYAGE'".  KLINGON  CAPTURE,  MICRO  BASIC 
PLUS,  FLOATING  POINT  PACKAGE, 
DIAGNOSTIC  PACKAGE,  BATTLESHIP,  and 
many  more.  The  price  of  these  programs  range 
from  $1.50  to  $15.95,  essentially  the  cost  of 
documentation  and  handling  Catalogs  are  $.25 
each  and  may  be  obtained  from:  Technical 
Systems  Consultants,  Box  2574,  W.  Lafayette, 
IN  47906. 

CIRCLE  INQUIRY  NO.  360 

BMS-700  Software  Services 

The  BMS-700  Business  Management  System 
provides  for  applications  as:  On  line  Order  Entry 
and  Inventory,  MRP  —  Bill  of  Materials,  Billing 
and  Receivables,  Disbursing  and  Payables, 
General  Ledger  &  Financial  Statements,  Payroll, 
Timesharing  Administrative  System.  Simplified 
Data  Base  Management. 

For    further    information    contact    Intelligent 
Systems  Corporation,  460  Totten   Pond   Road, 
Waltham,  MA  02154;  (617)  890-9393. 
CIRCLE  INQUIRY  NO.  361 

Business  Software  Becomes  Available 

"Advanced  Business,"  Volume  III  offers  most 
computer  owners  the  ability  to  automate  daily 
business  routines.  The  book  is  written  in  Basic 
and  should  execute  in  most  8K  Basic  computers 
with  at  least  15K  memory.  The  book  is  divided 
into  eight  sections,  each  dealing  with  a  particular 
program,  and  each  program  is  listed  in  an  easily 
readable  format.  ALL  of  the  programs  are  self 


prompting  and  require  little  or  no  programming 
knowledge  to  use  or  implement  on  a  system. 

This  Volume  is  a  must  for  anyone  who  has  a 
business  or  is  thinking  of  starting  one.  And  best 
of  all  it  sells  for  only  $39.95.  That's  less  than  five 
dollars  for  each  program  and  where  can  you  buy 
a  payroll  program  that  works  for  five  dollars? 

For  further  information  contact  Scientific 
Research.  1712-1  Farmington  Court,  Crofton, 
MD  21114;  (301)  721-1148. 

CIRCLE  INQUIRY  NO.  362 

Tiny  Basic-X  &  Games 

An  ever-growing  number  of  software 
packages  designed  for  all  levels  of  support  is 
being  offered  by  the  Digital  Group  for  the  com- 
pany's line  of  microprocessor  systems. 

For  only  $5  each,  the  Digital  Group  offers  Tiny 
Basic  Extended  and  a  cassette  full  of  game 
programs.  Both  are  on  audio  cassette  that  the 
Digital  Group  system  can  read.  Programs  can  be 
displayed  on  the  system's  video  screen. 

The  Digital  Group  also  offers  many  other 
software  programs.  For  example:  six  volumes  of 
Tiny  Basic  Games,  including  Chomp,  Checkers, 
20-Questions,  Chief  and  others;  "Galaxy,"  and  Z- 
80  packages  including  Educator,  Assembler,  Dis- 
Assembler  and  Text-Editor.  Prices  range  from  S5 
to  $15. 

Details  on  all  Digital  Group  products  — 
hardware  and  software  —  are  available  by  call- 
ing or  writing  the  Digital  Group,  P.O.  Box  6528, 
Denver,  CO  80206,  Telephone  (303)  777-7133. 
CIRCLE  INQUIRY  NO.  363 

Classes  in  BASIC  and  8080  Assembler 

Computer  Power  &  Light  offers  a  series  of 
regularly  scheduled  classes  in  BASIC  and  in 
8080  assembler  programming  at  its  educational 
facility  in  Studio  City,  California.  These  small, 
colloquium-style  classes  feature  significant 
"hands  on"  experience  using  the  five  systems 
always  available  to  students.  By  using  a  large 
screen  demonstration  computer  and  overhead 
transparencies-maker,  the  instructor  can  demon- 
state  and  discuss  new  material  and  students' 
programs  with  maximum  effectiveness. 

The  BASIC  class,  which  meets  either  two 
evenings  each  week  for  four  weeks  or  once  a 
week  for  eight  weeks,  covers  all  the  elements  of 
writing,  documenting,  de-bugging  and  using 
applications  programs. 

The  Assembly  Language  class  meets  on 
Saturday  mornings  for  eight  weeks,  and 
emphasizes  programming  skills  and  the  con- 
struction of  flexible,  standard,  well-documented 
machine  language  routines. 

Fee  of  $100.  includes  all  texts,  materials  and 
computer  time. 

For    further    information    contact    Computer 
Power  &    Light,    12321    Ventura    Blvd..   Studio 
City.  CA  91604;  (213)  760-0405. 
CIRCLE  INQUIRY  NO.  364 


Miscellaneous 


Zero  Insertion  Force  MOS/LSI  Socket 


The  2944  series  sockets  feature  self  ejection 
of  the  LSI  module,  positive  lock  in  the  loaded  LSI 
position  and  zero  axial  insertion  force  during  the 
loading  cycle.  The  2944  series  now  includes  a 
24,  28,  36  and  40  position  sockets. 

Since  LSI  leads  are  delicate  and  easily  bent,  a 
zero  axial  force  socket  helps  eliminate  the  dan- 
ger of  bending  and  breakage  during  the  insertion 
cycle.  Many  LSI's  packages  can  be  fractured  dur- 
ing  insertion   when  force  is  applied  to  the   LSI 


package.    A  zero   insertion   force   socket   helps 
minimize  the  risk  of  package  breakage. 

Defective  LSI's  cannot  normally  be  returned 
to  the  vendor  if  leads  are  broken  or  soldered.  The 
Molex  zero  insertion  force  socket  allows  for 
repeated  insertions  and  withdrawals  of  the  LSI 
module. 

Pricing  on  this  product  ranges  from  40  cents 
to  65  cents  depending  on  the  socket  size  and 
quantities.  A  two  page  specification  sheet  is 
available  from  molex  Incorporated. 

For  further  information  contact  Allen  Maag, 
(312)    969-4550;    Molex    Incorporated,    2222 
Wellington  Court.  Lisle.  IL  60532. 
CIRCLE   INQUIRY  NO.  365 


Programmable  Calculators 

Hewlett-Packard  Co.  —  New  HP-67  and  HP- 
97  fully  programmable  calculators  have  more 
than  three  times  as  much  program  memory 
capacity  as  the  pioneering  HP-65.  The  HP-97  is 
a  battery  powered,  portable  calculator  with  a 
built-in  thermal  printer  while  the  HP-67  is  a 
pocket  sized  version.  Calculators  feature  26  data 
storage  registers,  fully  merged  keycodes,  "smart" 
card  readers,  eight  conditional  tests,  user- 
definable  keys,  three  types  of  addressing 
schemes  and  automatic  review  of  storage  regis- 
ter contents.  Programs  may  be  entered  into  the 
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WE'VE  GOT  IT  ALL  TOGETHER 


n^ 


fl! 


n 


a 


n^ 


V  \ 

v. 

X 

nD 

\ 

nD 

One  Big  Store 
Us 


Lotta  Little  Stores 
THEM 


People  ask  us  when  we're  going  to  open  more  stores.  That  would  be  a  logical  result  of  our 
success.  We've  expanded,  but  all  in  one  location,  in  Santa  Monica.  This  means  we  have  more 
people,  more  demonstration  equipment,  more  inventory,  and  more  spare  parts.  We've 
concentrated  our  resources.  For  the  very  best  information  and  service,  ask  us,  we're 

THE  MOST  EXPERIENCED  COMPUTER  DEALERS  ANYWHERE 


THE  COMPUTER  STORE 

820  Broadway 

Santa  Monica,  Calif.  90401 

Phone (213)  451-0713 


Store  hours:  Tues-Fri:     Noon 
Saturday:  10  am 

Located  2  blocks  North  of 
the  Santa  Monica  Freeway  at 
the  Lincoln  Blvd.  exit 


8  pm 
6  pm 
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COMPUTER  CENTER 


Authorized  dealer  for 
SWTPC,  Polymorphic, 
welcome. 


ITS,  Cromemco,  North  Star,  Peripheral  Vision,  TDL,  Microterm, 
/lultiterm,  Oliver,  and  Sanyo.   BankAmericard  and   Mastercharge 
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calculators  either  from  the  keyboards  directly,  or 
from  small,  prerecorded  magnetic  cards. 

For  further  information  contact  Jerry  D.  Fisher, 
Hewlett-Packard  Co.,  1000  N.E.  Circle  Blvd., 
Corvallis,  OR  97330;  (503)  757-2000,  ext. 
2268. 

CIRCLE  INQUIRY  NO.  366 

New  LED  Display  Decoder/Driver 

Industrial  Electronic  Engineers,  Inc.  (IEE).  has 
announced  the  new  IEE-ATLAS  LED  Display 
Decoder/Driver  designated  as  Series  1760-OX. 

The  Series  1760  is  designed  to  be  integrally 
mounted  onto  the  back  of  IEE-ATLAS  Display 
Mounting  Hardware  Series  1750/1751/1752- 
OX  (wire-wrap  terminal  models).  These 
decoder/drivers  will  accept  either  four  line  BCD 
or  serial,  pluse  count  inputs;  all  models  incor- 
porate an  inherent  memory  capability.  Model 
1760-01,  -03  is  the  decoder/driver  with 
memory,  while  Model  1 760-02,  -04  has  memory 
and  counter. 


*m& 


When  mounted,  the  decoder/driver  ad- 
ditionally extends  behind  the  main  body  of  the 
mounting  hardware  —  measured  from  the  back 
face  of  the  socket  as  follows;  Model  1 760-01 ,  - 
03  —  1 .75"  (44.5mm);  Model  1 760-02,  -04  — 
2.18"  (55.4mm).  Series  1760-OX  can  be  used 
with  standard  PC  connector  or  directly  solder  ter- 
minated. In  500-piece  quantities,  1760-01.  03  is 
$7.35  each  and  1760-02,  04  is  S9.60  each. 
Delivery  is  off-the-shelf. 

An  extensive  8-page  Product  Profile  featuring 
dimensional  drawings,  pin  assignments, 
electrical  characteristics  and  detailed  ordering 
information  is  available  free  upon  request  to  IEE, 
7740  Lemona  Ave.,  Van  Nuys,  CA  91405,  (213) 
787-0311,  ext.  268,  attention:  Bob  Brandt, 
product  sales  manager. 

CIRCLE  INQUIRY  NO.  367 


Stick  On  and  Peel  Off  Symbols 

A  base-board  and  complete  line  of 
programming  symbols  provide  the  needed  tools 
to  create  a  program  flow  chart  quickly,  efficiently 
and  neatly.  No  more  messy,  time  consuming, 
thought  destroying  erasures.  Fickled  Thinking 
Aids  let  your  charting  flow  as  fast  as  your  ideas. 

The  symbols  are  a  special  material.  The  base- 
board is  the  working  surface.  Write  on  them  with 
a  common  ball  point  pen.  If  you  need  a  change, 
simply  peel  off  the  symbol,  rub  out  the  flow  lines, 
re-stick  the  symbol  and  draw  new  flow  lines. 


You  may  peel  off,  rub  out  and  re-stick  as  many 
times  as  you  want. 

Symbols  are  A.S.A.  X3.5  (%  size):  input/out- 
put, process/annotation,  punched  card,  magnetic 
tape,  punched  tape,  online  storage,  offline 
storage,  connector,  document,  display,  manual 
input,  decision,  drum,  terminal,  communication 


link,  manual  operation,  auxiliary  operation  and 
preparation. 

Base-board  sizes  are:  8 V4"  X  14"  (legal  size), 
11"  X  17"  (B  size),  17"X22"(Csize),  22"  x  34" 
(D  size)  and  specials  for  classroom  or  group  dis- 
play. 

The  "Starter  Kit"  includes  10  legal  size  base 
boards  and  over  320  symbols.  It  sells  for  $8.95 
plus  $1.00  postage  and  handling. 

For  further  information  contact  Fickled  Think- 
ing Aids,  P.O.  Box  6064,  990-m  Enterprise 
Street.,  Orange,  CA  92667.  Telephone  (714) 
639-9061. 
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Real  Time  Clock 

The  Hardware  real  time  clock  allows  your 
computer  to  keep  track  of  the  time  of  day  for 
control,  timer  and  game  applications.  The  clock 
keeps  track  of  the  time  itself  and  is  treated  as  a 
peripheral  by  the  system. 


Latest  CMOS  technology  results  in  high 
reliability,  small  size  and  low  power  consump- 
tion. Simple  connection  to  your  system  —  TTL 
compatible  inputs  and  outputs,  4  wires  to  a 
parallel  input  port,  3  wires  from  a  parallel  output 
port,  ground,  +5  volts  and  +12  volts.  May  be 
used  with  any  computer  system.  Complete 
documentation  on  hardware  &  software.  Crystal 
controlled  accuracy  with  a  trimmer  to  allow 
exact  frequency  setting.  Push  buttons  allow  easy 
time  setting.  The  clock  can  be  operated  off  a 
separate  power  supply  or  battery  allowing  it  to 
keep  the  correct  time  even  when  the  rest  of  your 
computer  system  is  off. 

SPECIAL  INTRODUCTORY  PRICE:  $39.95 
wired  and  tested  including  manual  and  connec- 
tor. IC  sockets  used  on  all  IC's,  board  is  G-10 
material.  Unit  is  available  only  in  wired  form. 
Check  or  money  order  only.  Wisconsin  residents 
add  4%  sales  tax.  Add  $0.75  for  postage  for  each 
unit  ordered. 

For  further  information  contact  TED,  P.O.  Box 
4122.  Madison,  Wl  53711. 
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Useful  Products  for  the  Designer 

Several  distinctly  different  types  of  product 
lines  offered  by  Circuit-Stik  include  its  patented 
line  of  pressure  sensitive  circuit  subelements  and 
its  GP  "plug-in"  circuit  boards.  Also,  we  produce 
a  high  quality  line  of  drilled  epoxy  glass  board 
materials  in  .  1 00  grid,  (both  clad  and  unclad),  "X- 
Y"  conductor  boards,  and  also  our  newly 
developed  "Cut  &  Peel"  material.  Packaging 
interconnections  include  copper  tape,  stripline, 
feedthrough  terminals,  wire  wrap  pins,  and 
socket  pins.  Our  "plug-in"  hardware  includes 
wire  wrap  sockets,  low-profile  sockets,  a  new 
line  of  economy  low-profile  sockets,  and  con- 
nectors for  circuit  boards,  including  solder  tail 
and  wire  wrap. 

As  there  are  several  distinct  categories  of  pro- 
ducts, each  has  been  developed  to  better  satisfy 
a  customer's  prototyping  problems  in  certain  de- 
sign areas  and  to  extend  the  usefulness  of  his 
prototype  board  further  than  is  normally 
expected  from  a  breadboard. 

For  further  information  contact  CIRCUIT- 
STIK™  Inc.,  24015  Gamier  Street.  Torrance,  CA 
90505;  (213)  530-5530. 
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AP  Headers 

AP  Headers  are  non-shrouded  molded  strips 
of  contacts.  They  are  available  in  both  male  and 
female,  straight  and  right  angle,  gold-plate  and 
solder-plate,  single-row  and  double-row,  single- 
spaced  and  multiple-spaced  rows,  and  in  several 
contact  pin  lengths. 


The  dielectric  spacers  used  can  withstand 
mass  soldering  operations  and  strong  solvents 
and  they  are  ultrasonically  weldable  to  produce 
matrix  configurations. 

Pin  spacing  on  both  male  and  female  Headers 
is  the  industry  standard  .100".  AP  Header  strips 
are  designed  so  that  when  stacked,  a  .100"  by 
.100"  is  established.  Alternately,  spacer  strips 
are  available  to  establish  a  matrix  of  .100"  by  any 
integral  multiple  of  .100".  Both  .100"  x  .100" 
and  .100"  x  .200"  matrix  Headers  are  stock 
items  in  the  AP  Header  line. 

The  standard  .100"  spacing  makes  AP 
Headers  a  natural  for  interfacing  with  AP  Great 
Jumpers"  and  other  flat  ribbon  cable/connector 
systems. 

For  further  information  contact  AP  Products 
Incorporated.    Box    110,    72    Corwin    Drive, 
Painesville.  Ohio  44077.  (216)  354-2101. 
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Circuit-Stik  G.P.  Boards 

Designed  for  use  in  micro-processor  memory 
and  interface  assembly  breadboarding,  ideal  for 
general  digital,  analog  circuits  and  micro- 
computer expansion.  G.P.  Board  Features:  Pre- 
drilleil  holes  (Not  punched),  pre-routed  contours, 
RFI  shielding  on  component  side,  mounting  and 
innerconnections.  versatility,  gold-nickel  edge 
contacts;  card-cage  compatibility. 


For  further  information  contact  Circuit-Stik 
Inc.,  23535  Telo  Avenue,  Torrance,  CA  90505; 
(213)  530-5530,  TLX  69-8223. 
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HP-45  Crystal  Conversion  Kit 

For  those  HP-45  owners  who  would  like  to 
use  the  10-way  stopwatch  function  of  their 
calculators.  This  makes  the  times  accurate  and 
simplifies  its  use.  The  cost  of  the  conversion  kit  is 
$13.  which  includes  instructions,  all  necessary 
components,  and  shipping. 

For  further  information  contact  EGBERT 
ELECTRONICS.  1514  S.  320  E.,  Orem.  UT 
84057. 
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Molex  4850  Fiat  Conductor  Connector 

The   new    Molex   4850   flat   conductor  con- 
nector design  features  include: 

•  designed  for  cable  or  flexible  etched  circuits 

•  zero  insertion/extraction  force 

•  numerous  insertion  and  withdrawals  without 
damage  to  plating  or  flat  conductors 

•  connector  locks  to  printed  circuit  board  for 
soldering  and  use 

•  eliminates  soldering  to  flat  conductor  cables 
or  circuitry 

•  simple  assembly,  no  learning  curve 


The  focal  point  of  the  connector  is  a  two-piece 
design  with  a  snap-on  hinge  cam.  which  allows 
numerous  insertions  and  withdrawals  (200  mini- 
mum) without  damaging  expensive  and  fragile 
etched  circuits.  The  housing  is  molded  of  glass 
filled,  94V-0.  U.L.  rated,  polyester.  Built  for  .100 
centers,  the  connector  also  features  built  in  strain 
relief  and  novel  locks  for  connector  retention  to 
the  printed  circuit  board  during  soldering  and 
operation.  The  4850  is  available  in  5  through  25 
circuit  sizes,  inclusive.  Printed  circuit  board 
solder  tail  terminals  are  pre-tin  plated.  Gold  plat- 
ing is  available. 

For  further  information  contact  Molex  Incor- 
porated, 2222  Wellington  Court.  Lisle,  IL  60532. 
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Same  day  shipment.  First  line  parts  only.  Factory 
tested.  Guaranteed  money  back.  Quality  IC's  and 
other  components  at  factory  prices. 
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8095 
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2111-1 

2112-2  7.90 

2513B  10.00 

2U02-!  2.50 

MM5058  2.20 

MM5O60  320 

MM5262  90 

MM5320  5.95 

MM5330  9.75 
CLOCKS 

MM5309  3.90 

MM53H  3.60 

MM5312  4.80 

MM5313  360 

MMS314  3.90 

MM5315  4.00 

MM5316  5  00 

MM531B  8.95 

MM5369  2  10 

MM5371N  5.50 

MM5B41  10.80 

CT7001  5.80 
MM5375AAM  3.90 
MM5375ASN    4.90 

7205  16.50 

MM53104  3.00 

DS0026CN  3.75 

DS0056CN  3.75 

MM53104  3.75 
MISCELLANEOUS 

12  VoK  300  ma 


CLOCK  MODULES 
Com o He  clock  module  minus 
transformer  and  switches 
MA1002A,  C.  E  .50"    S8.95 
102P3  Transformer        2.25 
MA1010E   80-  11.95 

102P2  Transformer        3  25 
MAI0I3E   70"  10.9S 

103P4  Transformer        3.25 
4  fllcu.  i  hinttlon  slrjp- 
walch/llmsr  circuit. 
new  Nlliona)  MMS865 
$9  00  PC  board  S7.50 
DM8863  11.75.  I0»ge 


T01S 
0  ranee  T0 18 
Yellow  T0IB 
Jumbo  Red 
Jumbo  Green 
Jumbo  Yellow 

OsoBalor 
Clipbte  LED  rnour 
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10  per  type        .05 
25  per  type         03 


02 


IB  Mti- 

20Mrb 

32MHi 
3276B  H_ 
3.5795  MHt 


4  50  6.5536  M%  4 

4  50  1.8432  Mm  4 

4.25  2.097152  MHi  7 

4  25  2.4576  MHi  7 

4  25  3.2768  MHz  7 

3  90  5.0688  MHt  4 

3  90  5  185  MHz  4 

3.90  5.7143  MHi  4 

4.00  18  432  MHi  4 

SO  22.1184  MHt  4. 


IC  SOCKETS 
Solder  Tin  Low  Profile 
PIN    1  UP    PIN    1UP 


MICROPROCESSOR 
8080  with  rjali     19.00 
8080A  with  daia   23.50 


On  orl  on  tojgle     135 
On  none  on  toaQle  1  15 

HW165-5  750 

3  Digit  Universal 
Courier  Board  Ml 
Operate  5-18  Volt  DC 
1o5MHztyp.  .125'LED 
display  10.50 

IMRT/HFO 
AV5-1013  6.20 


NB2S23 
N82SI23 
N82SI26 
82S129 


DISPLAY  LE0S 

MAN1 

MAN3 

MAN5640  Dull 

MAN72 

MAN74 

OL704 

DL7D7 

OL727 

DL747 

FND359 

END  503 

FMD510 

FNO800 

FND807 

5  digit  14pmd_,_, 

N5N33M  3  digit  8  pin  39 

7520  Clairei  ptiolocells  25 

5082-7340  Hei  6.75 

TV  GAME  CHIPS 

MM57100  6  Games  Chip    S19.9S 

MM53i04Cioc*Dm*r         3  75 

LU1B89  Modulator  3  00 

Gl  AY1850O-1  24.50 


CA  .270  2.90 

CC    125  .39 

CO  .500  3  SO 

CA  .300  1.50 

CC   300  1  50 

CC    300  1.25 

CA    300  1.50 

CA    500  2  55 

CA  .600  2,25 

CC  .357  ,95 

CC    500  1  20 

CA  .500  1  20 

CC    800  1.90 

CA  .800  1,90 


VOLUME  SPECIALS 


MA  in::,'! 
MAlOUc 

MM;1'J 


Pwnounon  S«"ttB 


Car  Clock  Kit  $28.50 

.4"  LED's,  crystal  time  base, 
beautiful  dark  gray  case.  Com- 
plete with  mounting  bracket 
and  full  instructions. 
Stopwatch  Kit  $26.95 
Full  six  digits.  Times  std..  split 
and  Taylor  7205  chip,  all  comp. 
minus  case  with  full  instruct. 


1977  IC  Update 
Master  Manual 

Brand  new.  Complete  IC  data 
selector  from  all  manufacturers. 
17,000  cross  references.  $30 
with  update  service  thru  1977. 
Domestic  postage  add  S2.00, 
Foreign  S6.00. 


Not  a  Cheap  Clock 
Kit  $17.45 

Includes  everything  except 
case.  2-PC  boards.  6-.50" 
LEO  Displays.  5314  clock 
chip,  transformer,  all  compo- 
nents and  full  instructions. 
Same  clock  kit  with  .80" 
displays S22.75 


60  Hz  Crystal  Time 
Base  Kit  $4.75 

Converts  digital  clocks  from 
AC  line  frequency  to  crystal  time 
base.  Outstanding  accuracy. 
Kit  includes:  PC  board, 
MM5369.  crystal,  resistors, 
capacitors  and  trimmer. 


Frequency  Counter  Kit 

Covers  audio,  ultrasonic  and 
low  amateur  band  10  Hz  to  2.5 
MHztyp.  Dual  channel  highsen- 
sitivity  =:25  millivolts.  Crystal 
controlled  clock.  Can  be  pre- 
scaled  for  higher  frequency. 
6-. 50"  digits.  Full  instructions. 
Less  power  supply.      $40.00 


DigitjHTernperature 
Meter  Kit 

Indoor  and  outdoor.  Automati- 
cally switches  back  and  forth. 
Beautiful.  50"  LED  readouts.  No- 
thing like  it  available.  Needs  no 
additional  parts  for  complete,  full 
aperation.  Will  measure  —  100=to 
+20011.  air  or  liquid.  Very  accu- 
rate. Compl.  instruct.  $39.95 


COSMAC  ELF 

RCA  CMOS  Microcomputer 
C0P1802CD  S29  50       Users  Manual     7  50 

Complete  kit  of  parts  to  build 
the'rELF"  including  CDP1802 
and  users  manual  as  listed  in 
August  76  Pop.  Elect,  minus 
power  supply  and  board.  S92 


TERMS:  $5.00  min.  order  U.S.  Funds.  Calif  residents  add  6%  tax.       FREE:      Send  for  your  copy  of  our  1977 
BankAmericard  and  Master  Charge  accepted.  QUEST  CATALOG.  Include  13c  stamp. 
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Computer  Music  Equally  Tempered 
D/A  Converter  Kit 

Unlike  more  conventional  R-2R  ladder  type 
digital  to  analog  converters,  the  PAIA  8780  kit  is 
based  on  a  multiplying  principle  that  allows  the 
module  to  generate  the  exact  exponential  stair- 
step function  required  to  make  even  the  simplest 
linear  response  oscillators  and  filters  produce 
equally  tempered  musical  intervals. 


The  8780  uses  only  six  bits  of  data  to 
generate  over  5  octaves  of  control  voltage.  In  an 
8  bit  system,  the  remaining  2  bits  are  ordinarily 
reserved  for  trigger  flags,  but  may  be  used  to  ex- 
tend the  range  of  the  converter  or  provide  micro- 
tonal  tunings. 

The  module  is  physically  and  electrically  com- 
patible with  the  complete  line  of  PAIA  music 
synthesizer  modules  and  is  easily  interfaced  to 
any  microprocessor  with  or  without  hand- 
shaking logic. 

Mail  order  price  of  the  module  kit  is  $34.95 
plus  $1.00  postage  and  handling. 

For  further  information  contact  PAIA 
Electronics,  Inc.,  1020  W.  Wilshire  Blvd., 
Oklahoma  City,  OK  73116.  Free  catalog 
available  on  request. 
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New  Thin  .315"  Thumbwheel  Switch 

EECO  1800  series  Thumbwheel  switches 
feature  extra  slim  8mm  (.315)  wide  switch 
modules  and  switch  assemblies  that  can  be 
snapped  unto  panels  without  tools  or  screw 
holes.  "Across-the-room"  legibility  is  available 
with  .234"  high  characters. 


1800  series  switches  are  available  in  a 
number  of  10  position  codes  including  BCD, 
BCD  with  complement,  BCD  complement  only, 
decimal  and  repeatings.  Options  include  direct 
wire  or  connector  termination,  gloss  or  matte 
finish,  decimal  points,  custom  dial  marking,  stops 
and  diode  provision. 

Contacts  are  gold  plated,  the  housing  is  self 
extinguishing  nylon  and  the  circuit  board  is  flame 
resistant  glass  epoxy.  Operating  temperature 
range  is  -20°C  to  +  65°C.  Initial  contact 
resistance  is  0.1  ohm  maximum. 

Prices  start  at  $2.00  in  1000  piece  quantities 
with  6-week  delivery  for  prototype  units. 

For  further  information  contact  EECO.  1441  E. 
Chestnut  Ave.,  Santa  Ana.  CA  92701;   Phone 
"Switch  iProducts"  (714)  835-6000. 
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Lightweight  Wrapped  Wire 
Tool  Reduces  Operator  Fatigue 

A  new  lightweight  1 10  V.a.c.  60  hz.  wrapped- 
wire  tool,  designated  the  P160-4T1  by  Vector 
Electronic  Company  cuts  wiring  time,  eliminates 
wire  stripping,  and  reduces  operator  fatigue 
while  allowing  continuous  wrapping  during  long 
production  or  prototype  wiring  runs.  Weighing 
only  seven  ounces,  the  pistol-gripped  tool  is  con- 
siderably lighter  than  tools  commonly  used  and 
the  $80.00  price  is  up  to  fifty-percent  lower  than 
competitive  power  tools. 


The  6.7-inch-long  tool  accepts  either  a  P180 
Slit-N-Wrap  bit  or  a  P160-2A  wrapping  bit.  The 
P180  permits  daisy-chain  wrapping  on  0.025 
inch  square  posts  without  cutting  or  stripping  the 
wire.  Supplied  from  a  spool,  the  28-AWG  wire 
passes  over  a  fine  knife  edge  which  slits  the  in- 
sulation as  it  is  wrapped  around  the  post.  The 
technique  reduces  wiring  time  up  to  80  percent. 
The  P160-2A  bit  is  used  with  conventional  26- 
AWG  to  30-AWG  wrapping  wire  on  0.025  inch 
and  0.028  inch  square  posts. 

For     further     information     contact     Vector 
Electronic    Co.,    Inc.,    12460    Gladstone    Ave., 
Sylmar.  CA  91342;  (213)  365-9661. 
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Great  Jumpers 

Great  Jumpers'"  are  fully  pre-assembled  and 
fully  pre-tested  flat  ribbon  cable/connector 
assemblies.  They  are  available  in  several  line 
widths,  a  choice  of  conductors,  and  a  selection  of 
opposite  end  terminations. 


Particular  to  the  Great  Jumper  family  is  an  es- 
pecially useful  doubly-encoded  Rainbow  cable, 
color-coded  line-by-line  on  the  front,  and  color- 
striped  in  groups  of  ten  on  the  reverse. 

The  standard  cable  color  in  the  Great  Jumpers 
family  is  a  distinctive  Electric  Pink. 

Double-ended  and  daisy-chained  (Great  Daisy 
Jumpers)  configurations  can  include  not  only 
PCB  connectors,  but  standard  double-row  .100"- 
center  socket  connectors  and  card-edge  connec- 
tors as  well. 

They  are  molded  on  during  factory  assembly 
and  include  integral  strain  relief  and  line-by-line 
probability. 

For  further  information  contact  AP  Products 
Inc.,  Box  110.  72  Corwin  Drive,  Painesville,  OH 
44077;  (216)  354-2101. 

CIRCLE   INQUIRY  NO.  378 


TYCHON'S  8080  Octal  Code  Card 


Tychon  Incorporated  is  pleased  to  announce 
its  8080  Octal  Code  Card.  The  code  card  is  a 
slide  rule-like  aid  for  programming  and  debug- 
ging 8080  software.  It  contains  all  the  mnemon- 
ics and  their  corresponding  octal  codes.  The  in- 
structions are  all  color  coded  to  indicate  which 
flags  are  affected  during  execution.  The  pocket 
sized  card  measures  6.5  by  3  inches  and  it  pro- 
vides the  instructions  in  a  neat,  logical  format  for 
quick  reference. 
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The  back  side  of  the  card  is  printed  with  an 
ASCII  code  chart  for  all  128  characters  plus  the 
8080  status  word  and  register  pair  codes. 

Delivery  of  the  8080  Octal  Code  Card  is  im- 
mediate and  the  price  is  $2.95  postpaid.  Quan- 
tity discounts  start  at  ten  units  and  custom 
imprinting  is  also  available.  A  hexadecimal  card 
will  be  available  within  60  days. 

For  further  information  contact  C.  A.  Titus  at 
Tychon,  Inc.,  P.O.  Box  242,  Blacksburg,  VA 
24060;  (703)  951-9030. 
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IMC  Introduces  fiP 
Compatible  DPM's 

Designed  to  be  totally  compatible  in  micro- 
processor and  instrumentation  applications, 
IMC's  new  Series  600  4V5  digit  Digital  Panel 
Meter  offers  a  variety  of  features:  multiplexed 
BCD  output;  true  ratiometic  operation;  run/hold 
command  input;  strobe  and  busy  output;  ad- 
justable external  sample  rate;  display  blank  and 
lamp  test  inputs;  and  ±12Vdc  @  5mA  output. 


Options  include  blank  board  that  allows 
customer  to  add  special  circuits  within  the  DPM 
package  and  a  choice  of  120/240Vac,  50/60Hz 
power  input  or  a  tristate  parallel  BCD  buffer. 

Ranges  are;  199.99mVdc;  1.9999Vdc; 
19.999Vdc;  199.99Vdc  with  single  ended 
bipolar  input.  Impedance  is  1000  megohms  for 
the  200mV  and  2V  ranges  and  10  megohms  for 
all  others.  Zero  is  automatic  and  the  display  is 
4'/2  digit,  red  L.E.D.'s  .43"  high  with  decimal 
point  externally  selectable. 

Accuracy  of  the  Series  600  is  ±0.008%  ±1 
digit,  full  scale.  Power  input  is  5Vdc,  ±5%, 
400mA.  The  versatile  instrument  is  housed  in 
IMC's  standard  molded  Cycolac  package  which 
measures  3%"  wide  x  2'/8"  high  x  23A"  deep. 

Price  of  the  Series  600  is  $145  in  unit  quan- 
tities and  delivery  is  stock  to  four  weeks. 

For  further  information  contact  Dr.  Otto  Fest, 
International  Microtronics  Corporation,  4016  E. 
Tennessee  St.,  Tucson,  A2  85714;  (602)  748- 
7900. 
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The  Logical  Connection 

The  Logical  Connection  comes  fully  pre- 
.assembled  and  fully  pre-tested  with  molded-on 
connectors  that  feature  integral  strain  relief  and 
line-by-line  probability. 


What  is  unique  about  The  Logical  Connection 
is  that  it  is  designed  to  mate  directly  with  the 
contact  posts  of  A  P's  IC  Test  Clips. 

The  Logical  Connection  translates  the  pins 
atop  A  P's  IC  Test  Clip  intd  a  standard  double 
row  flat  cable  socket  connector  through  any 
desired  lenqth  of  Great  Jumpers  ribbon  cable. 

The  Logical  Connection  has  already  met  wide 
acceptance  from  the  people  who  are 
manufacturing  logic  analyzers  and  related 
equipment.  Almost  all  are  using  The  Logical 
Connection. 


For  further  information  contact  AP  Products 
Inc.,  Box  110,  72  Corwin  Drive,  Painesville,  OH 
44077;  (216)  354-2101. 
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Programmable  Drum  Set 

While  most  electronic  rhythm  units  offer  only 
a  limited  choice  of  pre-determined  rhythm 
patterns,  the  PAIA  Programmable  Drum  Set 
allows  the  user  to  tailor  pattern,  time  signature 
and  drum  sounds  to  each  application.  Among  the 
unique  features  provided  by  the  unit  are  touch 
sensitive  electronic  controls  and  the  provision  for 
an  independently  structured  bridge  rhythm. 


Battery  powered,  the  drum  set  includes  a 
"memory  save"  switch  which  provides  a  lowered 
"keep-alive"  voltage  to  the  drum  set's  256  byte 
memory. 

The  PAIA  3750  Programmable  Drum  Set  is 
available  in  kit  form  for  $79.95  plus  $3.00 
postage  and  insurance  from:  PAIA  Electronics, 
Inc.,  1020  W.  Wilshire  Blvd.,  Oklahoma  City,  OK 
73116.  Free  catalog  available  on  request. 
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Model  55  Microprocessing 
GPIB  Interface 


The  Model  55  Microprocessing  GPIB  enables 
the  Dana  Series  5000  and  5900  Digital  Multi- 
meters or  the  Series  6900  Precision  Voltmeters 
to  be  interfaced  with  other  instrumentation  and 
control  devices  utilizing  the  "standard  interface 
bus"  structure. 


The  Model  55  Microprocessing  GPIB  is  com- 
pletely self-contained  in  a  1%  inch  high,  rack 
mountable.  piggyback  package.  It  is  compliant 
with  IEEE  Std.  488-1975,  "IEEE  Standard 
Digital  Interface  for  Programmable  Instrumen- 
tation." All  connectors  and  cabling  to  connect 
the  Model  55  with  the  5000,  5900,  or  6900  are 
provided  as  well  as  the  standard  connector  to 
connect  with  the  "bus."  Price  $825.00. 

For  further  information  contact  Dana 
Laboratories,  Inc.,  2401  Campus  Drive,  Irvine. 
CA  92715;  (714)  833-1  234,  Teletype  910-595- 
1136,  Telex  678-341. 
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NEW  FULLY  ADDRESSABLE 
CURSOR 


LEAR-SIEGLER  MODEL  ADM-3A 

CHARACTER  GENERATION 

5  x  7  dot  matrix. 
DISPLAY  FORMAT 

Standard:  1920  characters,  displayed  in  24  lines  of  80 

characters  per  line. 

CHARACTER  SET 

Standard:  64  ASCII  characters,  displayed  as  upper 

case,  plus  punctuation  and  control. 

COMMUNICATION  RATES 

75,  1 10,  150,  300,  600,  1200,  1800,  2400,  4800,  9600, 

19,200  baud  (switch  selectable). 

COMPUTER  INTERFACES 

EIA  standard  RS232C  and  20  mA  current-loop  (switch 

selectable). 

ALL  ITEMS  IN  STOCK 


OKI  DATA  PRINTER 


OKIDATA  MODEL  110 
110  CPS  DOT  MATRIX  LINE  PRINTER 
FRICTION  FEED  1099.00 

TRACTOR  FEED  1229.00 

RS  232  C  SERIAL  INTERFACE         250.00 


LEAR  SIEGLER  ADM-3A 


KIT 

895.00 


LOWER  CASE 


WIRED 

1099.00 

89.00 


FOLLOWING  ITEMS  IN  STOCK:  TDL, 
OAE,  PROCESSOR  TECH,  SWTP, 
HAYDEN,  TARBELL,  LEAR  SEIGLER, 
OKIDATA,  IMSAI,  JAVELIN 


IMSAI  8080  MICROCOMPUTER 

POWERFUL  •  EASY  TO  USE  •  LOW  COST 

IMSAI  8080 
619.95  /22  SLOT  BOARD 


193-25  JAMAICA  AVE 
JAMAICA,  N.Y.  11423 
HOURS:  9-4  TUES  —  SAT 
VISIT  OUR  NEW  SHOWROOM 

(212)  468-7067 
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Book  Review 


THE  COMPLEAT  COMPUTER, 
Dennie  L.  VanTassel,  Science 
Research  Press,  216  pages.  $5.95 
Paperback. 


THE  COMPLEAT  COMPU- 
TER is  an  absolute  must  in  the 
library  of  anyone  interested  in 
computer  history  and  folklore. 
It  is,  as  the  cover  states,  "a 
compendium  of  tales  of  the  amaz- 
ing and  marvelous,  poetry,  infor- 
mative news  items,  articles  for 
edification  and  enjoyment,  car- 
toons, plus  many  other  illustra- 
tions." In  addition,  the  book  con- 
tains a  special  section  of  science 
fiction  art  in  magnificent  color. 

VanTassel  has  gathered  a 
remarkable  collection  of  articles 
and  short  stories  ranging  from 
the  sublime  to  the  ridiculous. 
In  addition,  each  chapter  con- 
tains a  brief  bibliography  (Branch 
Points)  and  a  collection  of 
"thought  questions,"  e.g.,  '"Pre- 
dict what  computers  will  be  used 
for  in  the  year  2000,"  called 
Interrupts.  These  Interrupts  can 
provide  many  hours  of  mental 
exercise  or  could  be  casually 
brought  up  at  a  party  or  dinner 
table  to  promote  stimulating 
conversation. 

THE  COMPLEAT  COMPU- 
TER is  just  plain  fun  —  both 
for  the  computer  expert  and  for 
the  naive  reader.  With  editorials 
by  Buchwald,  science  fiction  by 
Asimov,  Bradbury  and  Clarke, 
and  numerous  other  computer- 
related  items,  this  book  is  sure 
to  contain  something  of  interest 
to  any  reader.  There  are  even 
eight  Doonesbury  computer  car- 
toons ranging  back  to  1970  which 
may  well  wind  up  on  your  ter- 


minal, bulletin  board,  desk  or 
refrigerator.  There  are  articles 
on  computer  dating  services, 
Watergate,  computer  crime  and 
crime  prevention,  man  versus 
machine  and  vice  versa. 

Randomly  opening  to  any 
page  results  in  an  eye  catching 
drawing,  an  amusing  anecdote 
or  a  full  article  to  engross  the 
reader's  interest.  For  the  science 
fiction  enthusiast  there  is  an  en- 
tire section  on  science  fiction  art 
featuring  full-color  reproductions 
of  ANALOG  and  ASTOUNDING 
SCIENCE  FICTION  magazine 
covers  going  back  as  far  as  1931. 
The  reader  frustrated  by  compu- 
ter-generated bills  will  be  sym- 
pathetic to  Buchwald's  'The 
Curse."  Poetry  buffs  will  find 
Auden's  "The  Unknown  Citizen" 
both  entertaining  and  frightening. 
Those  who  remember  the  wide 
open  job  market  of  the  mid- 
sixties  will  be  taken  back  to  that 
period  by  Bylinsky's  "Help  Want- 
ed: 50,000  Programmers."  Politi- 
cal, social  and  ethical  views  of 
computers  and  computer  appli- 
cations are  presented  for  the 
philosophically  inclined. 

VanTassel  has  succeeded 
in  achieving  his  goals  as  put 
forth  in  the  introduction.  He  has 
gathered  the  cream  of  computer 
lore  from  the  thousands  of  items 
generated  in  the  past  thirty  years 
and  has  put  his  book  together 
in  such  a  way  that  the  reader 
remains  entertained  and  chal- 
lenged as  well  as  reminded  of  the 
bilateral  blessing  the  computer 
can  be.  THE  COMPLETE  COM- 
PUTER is  perfect  reading  for  any- 
one interested  in  computers. 


SYSTEMS  ENGINEERING  OF  ED- 
UCATION VI:  PRINCIPLES  OF 
COMPUTER-ASSISTED  INSTRUC- 
TION SYSTEMS,  Leonard  C.  Sil- 
vern, Education  and  Training  Con- 
sultants Co.,  179  pages.  $15.00. 
Paperback. 


PRINCIPLES  OF  COMPU- 
TER-ASSISTED INSTRUCTION  is 
a  discussion  of  the  requirements 
for  organizing  and  managing  a 
Computer  Aided  Instruction  (CAI) 
center.  Although  it  is  a  reason- 
able collection  of  most  of  the 
data  available  on  CAI,  it  is  not  a 
book  that  would  normally  interest 
the  computer  hobbyist.  Aimed 
at  the  educator  with  little  or  no 


data  processing  background,  it 
reads  much  like  systems  docu- 
mentation for  the  internal  opera- 
tions of  a  particular  company. 
The  author  is  knowledgeable 
about  CAI  and  presents  many 
valid  arguments.  He  particularly 
emphasizes  the  need  for  a  lear- 
ner-centered approach  in  the 
development  of  instructional 
packages.  He  also  argues  in  fav- 
or of  the  CAI  processor  being 
machine  independent,  a  point 
that  would  be  well  taken  in 
many  areas  of  the  computer 
industry. 

In  PRINCIPLES  OF  CAI  Sil- 
vern discusses  fundamental  pat- 
terns of  approaching  problems. 
He  covers  this  area  in  great 
detail,  even  including  the  follow- 
ing description  of  the  rectangular 
used  in  flow  charting:  "rectangle- 
a  right-angled  parallelogram  pro- 
portioned 5:9  approximately  and 
oriented  so  the  larger  side  is 
parallel  with  the  top  and  bottom 
edges  of  the  paper,  chart,  or 
otherdisplay  medium." 

The  description  of  CAI  pro- 
cessors and  their  specific  opera- 
tion in  section  D,  "CAI  Program- 
ming and  Strategies,"  is  excel- 
lent. A  computer  oriented  reader 
would  be  wise  to  concentrate  on 
this  chapter,  skimming  or  ignor- 
ing the  rest  of  the  book. 

In  many  areas  Silvern  appears 
to  make  things  more  complicated 
than  they  are.  This  is  due  in 
part  to  the  verbosity  of  many 
passages,  in  part  to  the  vast 
amount  of  detail  presented.  The 
author's  orientation  with  respect 
to  complexity,  best  expressed  in 
Silvern's  Law,  "Complex  prob- 
lems call  for  complex  solutions 
and  these  are  most  often  pro- 
vided by  complex  people,"  also 
contributes  to  the  apparent  con- 
fusion. Many  of  the  difficulties 
encountered  in  reading  this 
manual,  however,  would  be  miti- 
gated, if  not  eliminated  by  the 
inclusion  of  both  an  index  and  a 
glossary.  Terms  are  defined  in 
the  text,  but  the  definitions  and 
references  are  not  readily  avail- 
able when  they  are  needed  later. 

PRINCIPLES  OF  CAI  was 
written  in  1970,  and  in  several 
areas  the  viewpoint  is  some- 
what dated.  Silvern  places  his 
major  emphasis  on  communica- 
tion, for  example.  He  also  leans 
Branch  to  Page  143 
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SC/MP,  the  Microprocessor  kit  from  National 
Semiconductor  includes  everything  you  need  to 
build  a  completely  functional  microprocessor 
system  -  featuring  the  National  SC/MP  micro- 
processor —  the  low  cost  microprocessor  for 
every  application:  Text  Systems  and  Instrument 
Control;  Machine  Tool  Control;  Small  Business 
Machines;  Word  Processing  Systems;  Educational 
Systems;  Multiprocessor  Systems;  Proces  Con- 
trollers; Terminal  Control;  Laboratory  Instru- 
mentation; Sophisticated  Games;  Automotive 
Controller  and  Appliance  Controllers. 

The  kit,  neatly  packaged  with  all  the  com- 
ponents and  literature  you  need,  in  a  looseleaf 
binder,  includes:  The  SC/MP  Microprocessor 
-  a  single-chip  Central  Processing  Unit  in  a  40- 
pin,  dual  in-line  package.  Features  static  operations,  forty-six  instruc- 
tion types;  single-byte  and  double-byte,  software  controlled  interrupt 
structure,  built  in  serial  input/output  ports;  bidirectional  8-bit  TRI- 
STATER  bus,  parrallel  data/port  and  latched  12-bit  TRI-STATER 
address  port.  ROM  -  51  2  bytes  (8-bits/byte)  of  pre-programmed  Read- 
Only-Memory  containing  KITBUG-a  monitor  and  debugging  program 
to  assist  in  the  development  of  your  application  programs,  KITBUG 
provedes  teletypewrite  input/output  routines  and  allows  examination, 
modification,  and  controlled  execution  of  your  programs.  RAM-256 
bytes  of  static  read/write  memory  for  storage  of  your  application 
programs.  Transfers  of  data  to  and  from  RAM  are  controlled  by  SC/MP 
and  KITBUG.  Teletypewriter  Interfact  including  buffer  and  drive 
capability  for  a  20  MA  current  loop  interface.  Voltage  Regulator. 
Data  Buffer-providing  interface  between  memory  and  bidirectional 
data  lines.  All  the  literature  you  need,  including  schematics  and  pro- 
gramming manuals.  Timing  Crystal-providing  1.000  MHz  timing 
signal.  Plus  all  the  passive  components  and  circuit  board  with  72  pin 
edge  connector  required  to  build  and  interconnect  your  microprocessor 
system  with  external  hardware. 


ASC  II  KEYBOARD 


SC/MP 
KEYBOARD 


(Reg.S58.85)  $53.00 


This  63  key  ASC  II  Encoded  Keyboard  kit  was  designed  and  manufactured 
by  Electronics  Warehouse  Inc.  Features:  single  5  volt  D.C.  supply,  utilizing 
only  TTL  logic  elements  (no  MOS  devices  to  blow),  TTL  drive  capability  (each 
of  the  eight  bits  of  ASC  II  output  will  drive  the  equivalent  of  ten  standard  TTL 
inputs  without  external  buffer  drivers),  de-bouncing,  upper  and  lower  case 
fully  ASC  II,  8  bit  parallel  output.  In  addition  to  the  alpha-numeric  and  symbol 
keys  available  on  a  regular  keyboard,  the  following  keys  are  utilized:  escape, 
back-space,  tab,  line-feed,  delete,  control,  shift-lock,  shift-(2  keys),  here-is! 
control-release. 

Kit  includes:  63  key  keyboard,  P.C.  board,  all  required  components  and  as- 
sembly manual  with  ASC  II  code  list. 

Optional:  1.  Parity  bit- add  $1.00  Aluminum  enclosure  Sag.- 

2.  Serial  output -add  $2.00 
Note:  If  you  already  have  this  teletype  keyboard  you  can  have  the  kit  without 
it  for  $36.00  (reg.  S39.85).  Dealer  inquires  invited. 


$  95, 


This  is  a  great  kit  tor  engineers  and  com- 
panies who  don't  have  access  to  a  Teletype. 
It  is  a  low-cost  teaching,  learning,  and 
developing  tool  for  hobbyists,  professors, 
students,  and  electronics  entrepreneurs  of 
all  levels. 


National's  new  Keyboard  Kit  now  gives 
SC/MP  Kit  users  a  low-cost  input/output 
capability.  This  new  kit  replaces  the  Tele- 
type* normally  required  by  the  SC/MP  Kit 
and  allows  users  to  evaluate  the  SC/MP 
CPU  and  to  develop  a  variety  of  application 
software. 

The  heart  of  SC/MP  Keyboard  Kit  is  a  ROM 
firmware  package  (512  bytes)  called 
SCMPKB.  The  SCMPKB  ROM  replaces  the 
"Kit  Bug"  ROM  originally  supplied  with  the 
SC/MP  Kit  and  allows  the  effective  use  of 
the  hexadecimal  keyboard,  to  execute 
programs,  to  examine  or  modify  the  con- 
tents of  memory  and  the  SC/MP  registers, 
and  to  monitor  program  performance. 


There  is  a  hole  pattern  for  additional  inte- 
grated circuits  on  the  SC/MP  Kit  PC  card. 
By  following  the  simple  instructions  in  the 
SC/MP  Keyboard  Kit  users  manual,  one 
can  add  buffers,  decoders,  drivers,  multi- 
plexers, etc.  Simply  replace  the  Kit  Bug 
ROM  (supplied  in  the  SC/MP  Kit)  with  the 
new  SCMPKB  ROM,  connect  the  pre- 
assembled  Keyboard  cable  connector  to 
the  kit  card,  and  you  are  ready  to  go! 

National's  Keyboard  Kit  comes  complete 
with  manual,  all  required  integrated  circuits 
resistors,  keyboard  display  cable  con- 
nector assembly,  wire  wrap  connectors, 
precut  wires — even  a  hand-held  wire  wrap 
tool. 


Transistors 

Diodes 

I.C.'s 

CMOS 

Capacitors 

Resistors 

Wires 

Switches 

SPST  P.C. 


NEW 


FROM  CONCORD 

THE  FIRST  FULL  FEATURE 
LSI  DMM  KIT 

INTRODUCTORY  PRICE: 
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Reg.  Suggested  Retail:  S149.00 

AUTO  RANGING 

AUTO  POLARITY 

AUTO  ZERO 

3  Large  Digits  (1/2") 

Rechargable 
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MEASUREMENT  RANGES: 

Voltage:  (AC  &  DC)  1  MV  - 1 000V 
Current:  (AC  &  DC)  1 0     A  -  1  A 

RESISTANCE:  1Q-10MQ 
Basic  D.C.  Accuracy,  better  than 
0.1%  ±  1  Digit 
Power:  4  AA  batteries  (Recharg- 
able batteries  optional) 


Ni-Cad  batteries:  $6.00  AC  charger:  $4.95 
Enclosure:  $12.95.  Test  leads:  $2.95  Shunt  kit  for  3 
current  ranges:  $4.75 


ORDERING  INFORMATION: 


shipping  and  handling  -  $3.00  +  $.50  Insurance 


California  residents  add  6%  sales  tax. 

ELECTRONICS  WAREHOUSE  Inc. 

1603  AVIATION  BLVD. 

REDONDO  BEACH,  CA.  90278 

TEL.  (213)376-8005 

WRITE  FOR  FREE  CATALOG 

You  are  invited  to  visit  our  store  at  the  above  address 
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THEQUBE 


Roger  Garrett 


FOREWORD 

Each  decade  of  this  era  shortens  the  time  when  science-fiction  becomes 
science-fact.  It  is  a  healthy  economic  community  that  listens  for  the 
whispers  from  the  "Inventor's  Corner".  Though  the  process  in  the  following 
story  is  still  in  the  conceptual  stage,  we  are  strongly  reminded  by  Dr. 
Hogan  in  this  issue  that  the  marvels  of  today  quickly  become  the  common- 
place comforts  of  tomorrow.  Mr.  Garrett  is  President  of  RICH,  Rhode 
Island  Computer  Hobbyist  Group.  Anyone  interested  in  further  information, 
may  contact  him  through  RICH,  16  Grinnell  St.,  Jamestown,  Rl  02835. 

—  Editor 
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I  hereby  propose  the  development  of  THE  QUBE 

First,  an  optically  clear  silicon  buole,  doped 
neutrally  with  a  photosensitive  dopant,  is  formed 
in  the  same  way  as  for  conventional  chip  con- 
struction. Buole  is  the  term  applied  to  the  large 
mass  of  mono-crystaline  silicon  produced  by 
'drawing'  silicon  from  a  molten  state.  A  cube  is 
then  cut  from  the  buole  and  all  sides  of  the 
cube  are  polished  to  optical  quality. 

The  photosensitive  dopant  is  sensitive  only 
to  light  of  two  particular  wavelengths  rated  above 
a  certain  candlepower.  When  illuminated  above 
that  threshhold  the  dopant  changes  from  neutral 
to  positive  or  negative,  depending  upon  the  wave- 
length, and  stabilizes,  just  as  a  normal  photographic 
emulsion  changes  its  molecular  state  in  the  pres- 
ence of  particular  colors.  Masks  are  prepared 
as  if  they  were  to  be  used  for  normal  photo- 
etching  on  silicon  chips. 

Two  laser  beams  are  used  in  this  method, 
each  one  capable  of  emitting  the  same  two 
discrete  wavelengths  such  as  alpha  and  beta. 
Alpha  and  beta  are  the  chosen  wavelengths  which 
turn  the  dopant  to  negative  and  positive,  respec- 
tively. One  beam  is  a  collimated  plane  of  light. 
It  is  a  straight  beam  as  wide  as  the  cube  but 
only  a  few  millionths  of  an  inch  thick— about  the 
same  thickness  as  the  epitaxial  layers  on  a  chip. 
The  beam's  cross  section  is  a  rectangle  as  wide 
as  the  cube  and  as  high  as  a  typical  epitaxial 
layer.  The  second  laser  is  a  collimated  beam  whose 
width  and  thickness  are  both  equal  to  the  width 
of  the  silicon  cube.  The  beam's  cross  section  is  a 
square. 

The  cube  is  placed  on  a  stand  with  the  wide 
beam  illuminating  it  from  above,  perpendicular  to 
the  top  surface  and  the  narrow  beam  illuminating 
it  from  the  side  with  the  beam  parallel  to  the  top 
surface.  Each  beam,  by  itself,  is  less  powerful 
than  the  minimum  necessary  to  affect  the  photo- 
sensitive dopant.  However,  where  the  two  beams 
cross  the  sum  is  high  enough  to  cause  the  change 
from  neutral  to  positive  or  negative,  depending 
upon  the  wavelength  of  the  laser  light. 

The  cube  is  treated  as  if  it  were  a  stack  of 
layers,  each  one  having  its  own  photo-mask  as  in 
normal  etching  methods.  The  narrow  beam  is 
directed  through  the  layer  to  be  'etched',  using 
the  alpha  wavelength.  The  correct  mask  is  placed 
between  the  cube  and  the  upper  laser,  and  the 
upper  laser  is  turned  on  to  the  same  wavelength, 
thus  'etching'  the  layer  with  the  positive  mask. 
The  lasers  are  turned  off  and  the  next  mask  is 
put  in  place.  Then  the  negative  mask  is  'etched' 
using  the  beta  wavelength.  Last  the  narrow  laser 
is  positioned  to  the  next  layer  and  the  process 
repeated.  This  is  continued  until  the  entire  cube  is 
'etched'  with  the  proper  pattern  of  neutral,  negative, 
and  positive  areas  to  produce  the  desired  circuitry. 
At  this  point  it  is  no  longer  a  simple  cube  of 
silicon  but  a  Qube,  the  newest  generation  of 
computer  hardware. 

One  Qube  could  contain,  with  proper  masking, 
several  CPU's,  all  necessary  ROM  and  RAM,  and 


even  I/O  interfaces.  Contacts  for  the  outside 
world  and  power  supply  would  be  made  just  as 
with  conventional  chips  by  providing  pads  for  me- 
chanical connections. 

A  major  problem  would  be  reliability  since  even 
with  today's  chips  the  reject  rate  can  be  high.  I 
would  suggest  that  backup  systems  be  employed 
wherever  possible  within  the  Qube.  Each  memory 
bit  would  actually  be  three  bits.  The  state  of  each 
tri-bit  would  be  1  if  at  least  two  of  its  bits 
were  1  and  0  if  at  least  two  of  its  bits  were  0. 
In  other  words,  majority  rule.  The  CPU  would 
also  use  redundancy,  perhaps  utilizing  three  CPUs 
with  a  majority  rule  standard. 

One  problem  in  developing  the  Qube  is  finding 
a  suitable  photosensitive  dopant.  Another  would 
be  overcoming  the  tendency  of  the  photo-mask 
to  act  as  a  diffraction  grating  causing  interference 
patterns  rather  than  the  mask  pattern  to  propagate 
through  the  cube.  A  possible  solution  to  this  would 
be  to  use  two  crossing  narrow  beams  of  lasers 
whose  positions  are  computer  controlled  and  whose 
cross  sections  are  each  circles  with  radii  equal 
to  the  thickness  of  a  typical  layer.  The  point  of 
intersection  would  be  a  minute  sphere  rather  than 
a  plane  and  the  etching  would  proceed  from  point 
to  point  within  the  cube  rather  than  layer-to- layer 
as  in  the  above  method.  With  this  method  no 
masks  would  be  required  and  changes  could  be 
made  to  the  circuitry  design  with  great  ease.  It 
would  also  facilitate  the  production  of  experimental, 
small  quantity,  or  one-of-a-kind  Qubes. 

The  developer  would  need  only  specify  a 
circuit  description  to  the  controlling  computer, 
which  might  rely  upon  a  library  of  standard  circuit 
designs.  OEM  users  would  be  able  to  make  their 
specifications  in  general  terms  such  as  'two  8080 
CPU's,  64k  RAM,  ROM  operating  system  number 
AB32,  and  7  A/D  convenors'. 

I  believe  that  the  advantages  of  the  Qube 
would  be  well  worth  the  effort.  Initial  costs  would 
probably  be  high  as  with  much  of  today's  semi- 
conductor industry.  Yet  costs  would  surely  drop 
as  production  rose.  The  Qube  would  use  less 
silicon  per  element,  providing  more  efficient  use 
of  silicon  real  estate,  take  less  time  and  would 
require  less  handling  in  production. 

The  Qube  can  even  be  tested  during  production 
since  it  would  not  be  necessary  to  wait  for  the 
whole  thing  to  cool  to  be  cut  as  with  conventional 
chips.  After  the  first  layers  are  'etched'  connections 
could  be  made  and  diagnostics  run  as  the  remain- 
ing layers  are  'etched'.  When  faulty  elements 
are  found  a  new  layer  is  'etched'  to  replace  it 
and  the  old  one  'erased'  by  bypassing  its  bus 
lines. 

Imagine  a  complete  multi-processing  system 
with  several  high  level  languages  fitting  into  the 
palm  of  your  hand!  There  would  be  no  need  for 
time-sharing  since  every  user  could  have  his  own 
dedicated  system.  By  connecting  additional  non- 
destructive RAM  Qubes  we  could  eliminate  the 
need  for  mass  storage  devices  like  tapes  and 
disks.  The  field  of  artificial  intelligence  would 
get  the  hardware  it  needs  to  implement  the 
theories  which  are  now  only  dreams. 


MARCH  1977 


INTERFACE  AGE  103 


'wmf&r^w'  ,■''■*& 


'i    UUVB    '.'■""•'     """• 

.   "fiy  "«•!•"  rW' 
'MmSwJB^i  ■ '  vh  i  •'•*-«-"' 


*#ytt€ 


mtT    1(1(111     IHlill     ll""5 

(T^sr^-wsu^.  ••;&'.„  wigita  ••••^-i 
mini    (umi    iiuiii    tiimi    ti?i»«i  i 

i    imm  ..mini    nmti  ' 

limit  ■hui'm.Wmiii  m«lii  mfiiH  J; 


b£,¥]  !lP]l!lT?i"11I , 


v: 


i~  ■  t»',p?-jl 

1? 

,-.-..  /-'>   .  Cli4j 

•$^$ 

fpr  , 

•    :MIIII     mim    """ 

P'TltTWT 

:tao.      •  ,:&,..     '   '-'a 

'   i"»\v 

mil"'   1111111      Ultm 

imiin 

1 

'  .'•?(■',.„,,  '..'a""^'  •'•"•' 

,  mi"'" 

i" 

(Minn  itmm,  mini" 

tlllTIII 

L 

i  «i/  ■  ".:>«   r>**'.   :V»f»»"« 

b  ~«w     ,« 

H 

"•^^•^^^^If-rSfci 

r^pr"" 

CARD  OF  THE  MONTH 


CROMENCO  TV  DAZZLER 


TM 


By  Roger  Edelson 

This  month  I  will  cover  a  non-essential  but  fun 
card,  the  Cromemco  TV  Dazzler™.  By  now  most  of 
you  have  seen  various  computer  displays,  games 
and  motion  art  and  are  probably  interested  in 
duplicating  them.  The  Dazzler™  allows  you  to  put 
graphics,  games  and  animated  shows  on  your  T.V. 
in  full  color  or  in  black  and  white  for  merely  a 
little  more  than  you  would  pay  for  a  black  and 
white  terminal.  The  Dazzler™  costs  only  $215  for 
the  complete  kit  or  $350  for  a  fully- assembled 
and  tested  version. 

How  is  this  accomplished?  The  Dazzler  maps 
your  computer  memory  or  content  onto  your  color 
T.V.  screen.  The  device  uses'  DMA  (Direct  Memory 
Access)  to  scan  the  computer  memory.  It  then 
formats  each  memory  bit  into  a  point  on  the  T.V. 
screen  to  give  a  128  x  128  —  element  picture. 
Depending  on  the  mode  selected,  later  to  be 
described,  the  Dazzler  requires  512  or  2K  bytes  of 
memory  —  not  an  excessive  amount. 

Let  us  first  take  a  look  at  the  design  of  the 
Dazzler™.  The  unit  is  somewhat  complex,  using 
over  70  MOS  and  TTL  integrated  circuits  on  two 
printed  circuit  boards.  The  two  Dazzler  boards  may 
be  plugged  directly  into  two  adjacent  slots  in  the 
Altair  computer.  A  16-conductor  ribbon  cable  with 
DIP  plugs  on  each  end  is  used  to  interconnect 
the  two  boards.  Board  #2  may  also  be  mounted 
"piggyback"  on  Board  #1  so  that  only  one  slot  of 
the  Altair  is  required  for  the  Dazzler.  In  this  config- 
uration seven  additional  jumper  wires  must  be  used 
to  interconnect  Board  #1  with  Board  #2. 

The  functional  block  diagram  of  the  Dazzler  is 
shown  in  Figure  1.  Board  #2  is  used  to  communi- 
cate with  the  computer  and  Board  #1  generates 
the  video  output  signal. 

The  Dazzler  uses  high-speed  DMA  to  read  the 


memory  of  the  host  computer  and  translates  the 
information  in  the  memory  into  a  T.V.  signal.  The 
key  advantage  of  using  DMA  is  that  the  Dazzler 
can  display  a  picture  simultaneously  while  the 
computer  is  executing  either  a  related  or  an  un- 
related program.  Dazzler  causes  only  15%  slow- 
down in  computer  execution. 

A  3.579545  MHz  crystal  oscillator  is  used  to 
generate  the  color  video  subcarrier.  The  video  out- 
put amplifier  delivers  a  standard  1V  negative  sync 
NTSC  video  signal  into  a  52  ohm  load.  A  six-foot 
length  of  52  ohm  coax  cable  is  supplied  with  the 
unit. 

The  circuit  diagram  for  Board  #1  is  shown  in 
Figure  2.  The  oscillator  uses  a  standard  chroma 
crystal  to  generate  the  3.579545  MHz  signal.  Three 
inverters  and  R-L  phase-shifting  components  are 
used  to  provide  the  red  and  green  signals.  A  group 
of  NAND  gates  is  used  to  mix  the  various  signals 
to  produce  a  video  output.  Vertical  and  horizontal 
synch  are  generated  on  Board  #1. 

While  we  are  on  the  subject  of  the  diagrams, 
I  would  like  to  digress  to  an  editorial  comment.  I 
wish  that  Cromemco  would  put  their  parts  identifi- 
cation on  the  schematics.  They  are  nowhere  to  be 
found  except  in  the  board  layout.  Please,  Cromem- 
co; it  would  really  help  troubleshooting. 

Figure  3  is  the  circuit  of  Board  #2,  the  one  used 
to  communicate  with  the  computer.  This  board 
uses  a  1-Megabyte  DMA  channel  with  "handshak- 
ing" control,  i.e.  the  Dazzler  control  issues  a  Hold 
command  when  it  is  ready  to  access  the  computer 
memory.  When  the  computer  finishes  the  current 
machine  cycle,  it  issues  a  Hold  A  knowledge 
signal  to  begin  DMA. 

In  addition  to  the  high-speed  DMA  two  8-bit 
output  ports  of  the  computer  are  used  to  set  the 
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FIGURE  1      DAZZLER  FUNCTIONAL  BLOCK  DIAGRAM 


Dazzler  modes  and  addressing.  Two  bits  of  the 
computer  input  ports  are  utilized  to  preset  time 
and  framing  information  to  the  computer. 

The  most  significant  bit  of  output  port  OCH  is 
used  to  enable  or  disable  the  Dazzler.  A  "1"  at  this 
bit  location  turns  the  Dazzler  on.  A  "0"  turns  the 
Dazzler  off.  The  Dazzler  can  also  be  turned  off 
manually  by  depressing  the  clear  switch  on  the 
Altair  front  panel.  The  remaining  seven  bits  of  out- 
put port  OCH  are  used  to  set  the  starting  location 
of  the  picture  to  be  displayed  in  the  computer's 
memory.  As  will  be  discussed  below,  the  picture 
may  require  512  bytes  of  memory  or  2K  bytes  of 
memory  depending  on  the  mode  in  which  the 
Dazzler  is  operating.  In  any  event  this  must  be 
static  memory  with  an  access  time  of  1  micro- 
second or  faster.  A  summary  of  the  use  of  output 
port  OEH  is  shown  below: 


DAZZLER  OUTPUT  PORT  OFH 

D7       -Not  used. 

D6  =  1-Resolution  x  4.  Color  and  intensity  set  by  D4  to  -  0: 

D6  =  0-Normal  resolution.  132X32  for  512-byte  picture.  64X64  for  2K-byte  picture.) 
Color  and  intensity  of  each  picture  element  set  by  4-bit  words  in  the  computer 
memory. 

:  1-Picture  in  2K  bytes  of  memory. 
Picture  in  512  bytes  of  memory. 
Black-and-White  picture. 


D5 

D5  =  0 
D4  =  0- 

D4  =  1-Color  picture 


ZL 


D3=1 
03  =  0 
D2=  1 
D2  =  0 
01 
D1  =0 
D0  =  1 
D0  =  0 


High  intensity  color. 

Low  intensity  color. 

Blue 

No  blue 

Green 

No  green 

Red 

No  red 


I 1 

In  resolution  X  4  black-and-white 
mode.  D3  is  the  most  significant  bit 
of  4-bit  intensity  control  word. 


Bit  00  is  the   least,  significant  bit. 


MSB 

LSB 

ON/ 
OFF 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

Starting  Address  of  picture 
OUTPUT  PORT  OEH 

Computer  output  port  OF4  is  used  to  set  the  for- 
mat of  the  TV  picture.  The  function  of  each  of  the 
eight  bits  of  this  output  port  is  shown  in  this 
table: 


Bit  D7  is  not  used.  Bit  D6  is  used  to  set  normal 
resolution  (32  x  32  element  picture  for  512  bytes 
or  64  x  64  element  picture  for  2K  bytes)  or  resolu- 
tion x  4  (64  x  64  element  picture  for  512  bytes  or 
128  x  128  element  picture  for  2K  bytes).  Bit  D5 
sets  the  amount  of  computer  memory  (starting  at 
the  location  given  to  output  port  OEH)  allocated 
to  the  picture.  When  D5  is  "1"  2K  bytes  of  memory 
are  used.  Wflen  D5  is  "0"  512  bytes  are  used.  Bit 
D4  is  used  to  select  between  a  black  and  white 
display  and  a  color  display.  Bits  D3  —  DO  are 
used  in  resolution  x  4  mode  to  set  the  color  of  a 
color  picture  or  the  intensity  of  a  black  and  white 
picture.  Bits  D3  -  DO  are  not  used  in  normal 
resolution  mode. 

Only  two  bits  of  Computer  input  port  OEH  are 
used.  Bit  D7  is  low  during  odd  lines  and  high 
during  even  lines.  Bit  D6  goes  low  for  4  milli- 
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seconds  between  frames  to  indicate  end  of  frame. 
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ONLY  TWO  BITS  OF  COMPU- 
TER INPUT  PORTOEH  ARE 
USED. 


In  order  to  generate  a  TV  picture  with  Dazzler, 
the  information  that  the  Dazzler  reads  from  the 
computer  memory  must  be  properly  formatted.  In 
resolution  x  4  mode  each  point  on  the  TV  screen 
is  controlled  by  just  one  bit  in  the  computer 
memory.  When  that  bit  is  a  "1"  the  corresponding 
element  of  the  picture  is  on.  When  that  bit  is  a 
"0"  the  picture  element  is  off.  In  resolution  x  4 
mode  the  color  and  intensity  of  the  picture  is  set 
by  bits  DO  to  D3  of  the  control  word  at  output 
port  017.  For  full  color  in  resolution  x  4  mode, 
multiple  frames  of  different  colors  must  be  inter- 
leaved. 

In  normal  resolution  mode  the  color  and  inten- 
sity of  each  element  of  the  TV  picture  are  con- 
trolled by  a  four-bit  "nybble"   in  the  computer 


memory.  Two  elements  of  the  picture  are  thus 
stored  in  each  byte  (8  bits)  of  memory.  (For  this 
reason  a  64  x  64  picture  in  normal  resolution 
mode  requires  2K  of  memory.)  The  lowest  order 
bit  of  each  nybble  (DO)  determines  whether  the 
corresponding  element  of  the  picture  contains 
red  (1)  or  no  red  (0).  Similarly  D1  controls  green, 
D2  controls  blue,  and  D3  sets  either  high  intensity 
or  low  intensity  color.  In  black  and  white  mode 
these  four  bits  are  instead  used  to  specify  one  of 
16  levels  of  gray. 

When  writing  programs  for  Dazzler  displays  it  is 
important  to  remember  that  the  TV  picture  is  stored 
as  a  specially  coded  sequence  in  the  computer 
memory.  The  Dazzler  simply  interprets  this  code 
to  form  a  T.V.  picture.  Two  different  codes  are 
used  depending  on  whether  the  Dazzler  is  used  in 
normal  resolution  mode  or  in  resolution  x  4  mode 
(as  set  by  the  control  word  sent  to  output  port 
017). 

In  normal  resolution  mode  four  bits  of  computer 
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memory  are  used  to  code  each  element  of  the 
picture.  A  32  x  32  picture  requires  512  bytes  of 
memory.  A  64  x  64  picture  requires  2K  bytes  of 
memory.  The  following  diagram  shows  how  the  4- 
bit  code  works: 
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IN  NORMAL  RESOLUTION  MODE  ONE  BYTE  OF  MEM- 
ORY IS  USED  TO  REPRESENT  TWO  ADJACENT  ELE- 
MENTS OF  THE  PICTURE. 


In  resolution  x  4  mode  each  bit  of  the  memory 
is  used  to  either  turn  on  or  off  a  single  element 
of  the  picture.  The  eight  picture  elements  controlled 
by  a  single  byte  have  the  following  geometric 
relationship: 
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The  2K  byte  Dazzler  picture  is  stored  in  memory 
as  four  quadrants.  Each  quadrant  of  the  picture 
occupies  one  512-byte  page  of  memory.  Only  one 
page  of  memory  is  displayed  for  a  512-byte  pic- 
ture. The  sequence  in  which  memory  is  scanned 
in  making  a  2K  byte  picture  is  shown  below: 


Now  that  we  have  looked  at  the  operation  of  the 
Dazzler,  let  us  look  at  the  kit  itself.  As  I  mentioned 
earlier,  it  is  a  two-board  kit  containing  over  70  ICs. 
Board  #2  has  37  ICs  and  no  other  component 
except  the  5V  regulator  and  some  noise  and  filter 
capacitors.  Board  #1  also  contains  37  ICs  in 
addition  to  the  oscillator  and  various  other  dis- 
crete components. 

Both  boards  are  high  quality  with  gold-plated 
edge  board  connector  pins.  The  kit  is  fully  socketed 
for  all  ICs  —  point  which  always  gladdens  my  heart. 
The  boards  are  equipped  with  very  high  quality 
solder  masks  which  even  surround  each  individual 
IC  pin  —  a  great  help.  Component  silk-screen 
masking  is  excellent  with  all  identifications  clearly 
readable.  The  adjustment  potentiometers  and 
oscillator  trimmer  are  placed  at  the  top  of  Board  #1. 
For  easy  access  I  would  prefer  a  coax  cable  con- 
nector in  place  of  merely  soldering  the  cable  to 
the  board.  Since  the  cable  is  the  small  LG-174/U, 
a  small  connector  could  easily  have  been  placed 
in  the  area  where  the  cable  exits.  I  soldered  an 
OSM  244-2  connector  in  that  upper  right  corner  on 
its  side  as  a  later  modification. 

Both  boards  are  easy  to  build  and  the  instruc- 
tions, though  seeming  sparse,  are  adequate.  No 
notes  are  included  on  board  cleaning  which  should 
be  done  after  completion  of  the  construction 
phase. 

The  two  boards  are  connected  by  a  flexible 
flat  cable  and  take  two  slots  in  the  mother  board. 
Since  a  method  of  "piggy-backing"  is  available,  I 
would  like  to  see  hardware  designed  to  hard- 
mount  the  two  boards  together  as  a  single  unit 
which  would  plug  in  to  two  slots.  This  would  make 
handling  the  Dazzler  an  easier  task. 

A  test  program  is  included  for  initial  operation 
and  tuneup.  Addresses  are  in  OCTAL.  To  operate 
this  program  you  must  have  2K  bytes  of  static 
memory  beginning  at  location  zero  in  memory. 


496- 


-511 


1024- 


r1039 


1520- 


-1535 


512- 


r527 


1008- 


-1023 


1536- 


-1551 


2032- 


-2047 


MEMORY  MAP  OF  DAZZLER  PICTURE.  FIRST  QUAD- 
RANT IS  DISPLAYED  FOR  512-BYTE  PICTURE.  ALL 
FOUR  MEMORY  QUADRANTS  ARE  DISPLAYED  IN  2K 
BYTE  PICTURE. 


Memory 
location 

Memory 
contents 

000  000 

076 

000  001 

200 

000  002 

323 

000  003 

016 

000  004 

333 

000  005 

377 

000  006 

323 

000  007 

017 

000  010 

303 

000  01 1 

000 

000  012 

000 

Comments 

Move  immediate  into 
the  accumulator 

Output  to  port 
number016 

Input  from  the 
sense  switches 

Output  to  port 
number  017 

Jump  to  memory 
location  000  000 


This  program  begins  by  putting  the  bit  sequence 
"10000000"  into  the  accumulator  and  outputting 
it  to  port  016.  This  turns  on  the  Dazzler  and  tells 
it  that  the  picture  that  it  is  to  display  begins  at 
location  zero  in  memory.  Next  the  program  uses 
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the  front  panel  sense  switches  to  set  the  control 
word  sent  to  output  port  017.  This  allows  the  user 
to  experiment  with  different  output  formats  and 
appreciate  the  fantastic  versatility  of  the  Dazzler 
display.  When  sense  switch  A12  is  raised  the 
Dazzler  goes  into  color  mode,  and  a  colorful 
quilt-like  pattern  will  appear  on  the  TV  screen. 

Another  personal  gripe  —  I  wish  Cromemco  had 
done  everything  in  HEX  rather  than  OCTAL.  I  feel 
much  more  familiar  with  HEX  and  hate  to  switch 
back  and  forth. 

The  troubleshooting  guide  is  very  comprehensive 
with  49  items  included  in  the  kit  manual.  The 
test  equipment  requirements  are  a  VTVM  (or  VOM) 
and  a  triggered  sweep-scope  (DC-5MHz)  with  an 
external  synch  input. 

Fortunately  my  Dazzler  came  up  running  the  first 
time.  I  assume  that  to  be  luck,  not  skill  for  I  am 
too  "experienced"  to  follow  instructions.  I've  con- 
nected the  Dazzler  to  a  small  black  and  white  set 
which  is  at  present  adequate  for  my  uses.  I  would 
ultimately  like  to  connect  it  to  a  color  set,  but 
at  the  moment  would  have  to  overrule  my  family's 
objections  to  "butchering"   our  one  color  T.V. 

There  is  an  alternate  answer  to  this  problem. 
The  Dazzler  can  be  connected  to  the  antenna 
terminal  of  the  T.V.  rather  than  to  the  video  am- 
plifier, but  to  do  this  an  R.F.  modulator  is  required. 
Such  a  modulator  is  the  Pixieverter  Model  XPXV-2A 
available  for  $8.50  from  ATV  RESEARCH,  13th  and 
Broadway,  Dakota  City,  Nebraska  68731.  If  you  use 
a  Pixieverter  you  must  also  use  a  matching 
transformer  between  the  output  of  the  Pixieverter 
and  the  TV  set.  A  standard  75  ohm  to  300  ohm 
matching  transformer,  available  at  TV  supply  stores, 
will  provide  the  required  matching.  (Radio  Shack 
stores  carry  such  a  transformer  for  $2.59,  model 
#15-1140). 

While  on  the  subject  of  T.V.  connection,  it  would 
be  useful  if  Cromemco  included  some  typical 
video  amplifier  connection  diagrams  to  help  the 
process.  However,  most  of  our  readers  have  already 
seen  the  excellent  articles  on  T.V.  hookups  in 
BYTE  Magazine. 

Cromemco  has  various  programs  already  avail- 
able for  the  Dazzler.  They  are: 


1.  DAZZelmation     - 

2.  KALEIDOSCOPE 

3.  DAZZelwriter 

4.  THE  BONE 

OF  LIFE 


an  animation  program 
a  random  colorful  picture 
generator 

an  extensive  alphanum- 
eric display 

a  full-color  version  of  LIFE 


For  those  of  you  with  joystick  analog  inputs 
for  your  computer,  Cromemco  has  DAZZLEDOO- 
DLE  and  CHASE  available.  Hopefully  the  Cromem- 
co Joystick  and  D-7A  module  will  be  the  subject 
of  another  article. 

In  summary  the  Dazzler  is  a  well-planned  design, 
capable  of  extending  the  versatility  and  capa- 
bilities of  your  computer  while  providing  enjoy- 
ment for  you  and  your  family  with  this  exciting 
art  form. 
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TO  SERVE  YOU  BETTER! 


B1T5 


r\j 


B^TE5 


Announces: 


BITS  N  BYTES  #2 

Opening  soon  in  San  Diego! 

Call  (714)  422-0889  for  info 

Our  Product  Lines: 


Digital  Group 

IMSAI 

Lear-Siegler 

Okidata 

Pickles  &  Trout 

PolyMorphic  Systems 


Solid  State  Music 

Soroc 

Tarbell 

TDL 

Vector  Graphic 


BITS  N  BYTES 

679  "D"  South  State  College  Blvd. 

(College  Business  Park) 

Fullerton,  CA  92631 

(714)  879-8386 
Hours:  M-F  6  p.m.-9  p.m.,  Sat.   12-6  p.m. 


CIRCLE  INQUIRY  NO.  65 


THE  NEW 

BVTE  SHDP  JSL 

the  affordable  computer  store     m,Mmi 

7825  BIRD  ROAD 
(305)  264-2983  MIAMI,  FL 

DIAL264-BYTE  33155 

#1  INSOUTUFLOR/fDA 

Microcomputer  kits,  tools,  computer  system, 
books,  hobby  magazines,  software  (programs), 
expert  advice,  repairs,  parts,  chips,  etc.  All  kits 
guaranteed.  For  hobby,  business,  office, 
schools  or  profession. 

Join  our  classes  and  workshops-whether  a 
beginner  or  an  expert.  Come  in  and  browse  or 
play  real  computer  games.  Let  us  show  you  how 
to  use  the  new  microcomputers  for  any 
application.  Computer  club  information. 

SPECIALIZING  IN  SYSTEMS 

OPEN:  10-6  Daily  &  Sat. 
10-9  Thur. 
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HARDWARE 


This  month's  bill  of  fare  will  be  a  potpourri 
of  IC  chips  of  interest  to  the  home  computerist. 
For  those  of  you  interested  in  Input/Output, 
(and  who  isn't?)  let  us  look  at  the  Siliconix  line 
of  DG  300  Series  High-Speed  CMOS  Analog 
Switches. 

The  DG  300  series  features  a  latchproof  mono- 
lithic CMOS  switch  with  a  driver.  Four  different 
switching  functions  SPST,  SPOT,  DPST,  and  dual 
SPDT  are  provided  in  both  CMOS  input  com- 
patible (DG  304-307)  and  DTL,  TTL,  CMOS  com- 
patible (G  300-303). 

The  entire  family  features  low  and  nearly 
constant  ON  resistance  (less  than  50r)  over  the  full 
analog  signal  range.  One  of  the  benefits  of  an  MOS 
analog  switch  element  is  that  in  the  ON  condition 
the  switch  will  conduct  current  in  either  direction 
with  no  offset  voltage.  In  the  OFF  condition,  the 
switches  will  block  voltages  up  to  30V  peak-to- 
peak.  The  switching  speed  is  extremely  fast  with 
a  Ton  =  150  nanosecs  typical  for  the  TTL  version 
and  TON  =  110  nanosecs  for  the  CMOS  compatible 
version. 


A  logic  input  driver  controls  the  ON/OFF 
state  of  the  switches  and  provides  the  compati- 
bility with  the  various  forms  of  logic.  The  DG 
300-303  switches  are  compatible  with  DTL,  TTL, 
and  CMOS  having  a  logic  "0"  state  with  an  input 
less  than  0.8V  and  a  logic  "1"  state  with  an 
input  in  excess  of  4V.  The  DG  304-307  switches 
are  CMOS  input  compatible  and  have  a  logic  "0" 
state  with  an  input  less  than  3.5V.  For  this  series 
a  logic  "1"  state  is  guaranteed  when  the  logic 
input  exceeds  11V  (for  15V  positive  supplies). 
The  logic  inputs  are  protected  against  overvoltage 
up  to  V,  ±  32V,  i.e.,  32V  above  or  below  the 
positive  supply.  All  the  terminals  of  the  analog 
switch  are  protected  against  static  discharges. 
The  analog  signal  input  range  is  ±15V  (with 
±  15V  supplies).  The  following  is  a  brief  summary 
of  the  feature  of  the  DG  300  series: 

•  Analog  switching  with  low  quiescent  power 
consumption 

•  No  LATCH-UP  (under  any  conditions) 

•  ±  15V  analog  signal  range  (with  ±  15V  supplies) 


PIN  CONFIGURATION 

DUALSPSTDG300/304 

Metal  Can  Package 

V-,  (SUBSTRATE  AND  CASE) 

^JD2 
Sl( 


Dual-ln-Line  and  Flat  Package 


s,c2-l   I  !   L 


l  i 

I  i 


3v2 


l£]D2 

^JNC 


DUAL  DPST  DG302/302 


Dual-ln-Line  and  Flat  Packag 


»*S 1| » 

D3c^f  -»>»J   Ur*-  T: 

«ns-J-lLi- 


GNDC 


»1 

S2 

3\l2 


SPDTDG301/305 

Metal  Can  Package 

Vi  (SUBSTRATE  AND  CASE) 


Dual-ln-Line  and  Flat  Package 


NCL^T 

\p 

NCCCfJ 

If 

5,C£ 

I   Ll 

s> 

NCL^ 

i 

T£, 

INL^T 

[a     i 

T? 

GNDCd 

Ej 

3D2 


DUAL  SPDT  DG303/307 


Dual-ln-Line  and  Flat  Package 


=3' 
D3G 


IN,cCT-|>l 


-J-rJUf^lT 


D4 

S2 

kttoiN2 

J>v2 


Figure  1.     SWITCH  STATES  ARE  FOR  LOGIC  "1" 
PUTS  (POSTIVE  LOGIC) 


IN- 
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REPORT 


By  Roger  Edelson 


ABSOLUTE  MAXIMUM  RATINGS 

V,N  to  Ground V-|  +32  V, 

Vc  or  Vn  to  Vi 

V-,    -36  V 

0,  -36  V 

Power  Dissipation* 

14  Pin  Sidebraze  DIP  (P)** 

825  mW 

0, +36  V            14  Pin  Plastic  DIP    J)** 

470  mW 

V-]  to  Ground 

+  18  V           Metal  Can  (A)**** 
-1RV              Fist  ParkanP  (1  )** 

450  mW 

»»* 

750  mW 

Current,  Any  Terminal  (Except  S  or  D)      ....    30  mA 

Current,  S  or  D,  Continuous 30  mA 

Pulsed  1  ms  10%  Duty  Cycle 100  mA                    'Device  mounted  with  all  leads  welded  or  soldered  to 

Operating  Temperature  (A  Suffix)    .     .     .     -55  to +125  C                       PC  board. 

(B  Suffix)     .     .     .       -20to+85°C                  ""Derate  1 1  mW/°C  above  75°C 
(C  Suffix)     ....       0to+70°C               ***Derate  6.5  mW/°C  above  25° C 
Storage  Temperature  (A  &  B  Suffix)      .     .     -65to+150°C              ' "  ""Derate  6  mW/°C  above  75°C 
(C  Suffix)    .     .     .     .     -65to+125°C            """""Derate  10  mW/°C  above  75°C 

ELECTRICAL  CHARACTERISTICS 

All  DC  parameters  are  100%  tested  at  25°C.  Lots  are  sample  tested  for  AC  parameters  and  high  and  low  temperature  limits 
to  assure  conformance  with  specifications. 

Characteristics 

Typ1 
25JC 

Max  Limits 

Unit 

Test  Conditions 
V1  =+15  V.  V2  =  -15  V,  Gnd  =0  V 

A/B  Suffix 

C  Suffix 

-55X/ 
-20°C 

25°  C 

125   C 
85°C 

0°C 

25°  C 

70°  C 

' 

S 

w 
1 

T 
C 
H 

Drain  Source 
rDS,on)                        0N  ReS|S,ance 

30 

50 

50 

75 

50 

50 

75 

U 

VD       t  10  V.  Ic      -10  mA 

Note  2 

2 

30 

50 

50 

75 

50 

50 

75 

VD  -  -10  V.  Is      '10mA 

3 

Source  OFF 
S(°»)                          Leakage  Current 

0.1 

100 

5 

100 

nA 

Vg-+1S  V.  V0  -  -15  V 

Note  2 

4 

-0  1 

-1 

-100 

-5 

-100 

Vs  =  -15  V.  VD      MS  V 

5 

Dram  OFF 
Dloff)                            Leakage  Current 

0.1 

100 

5 

100 

VD   -  +15  V.  Vs      -15  V 

6 

-0  1 

-1 

-100 

-5 

-100 

VD      -15  V.  Vs  =  +15  V 

7 

Channel  ON 
Dt«n>                             Leakage  Current 

0.1 

100 

.5 

100 

VD      VS       -15  V 

Note  2 

8 

-0  1 

-2 

-200 

-5 

-200 

VD      VS      -15  V 

9 

1 

N 
P 
U 

T 
S 

.                                     Input  Current 
,NH                                Input  Voltage  High 

DG300- 303  Only 

-0  001 

-1 

-1 

-1 

-1 

pA 

V|N      +  5V 

10 

DG  300-307 

U.001 

1 

1 

1 

V,N-   H5  V 

1  1 

l|NL                                Input  Current  Inpul  Voltage  Low 

-0  001 

-1 

-1 

-1 

-1 

VIN      ° 

12 

0 
Y 

N 
A 

M 

C 

ion                                   Turn  ON  Time 

DG300-303" 

Only 

150 

300 

nS 

See  Switching  T  ime  Test  Circuit 

13 

ioff                               TurnOFF  Time 

!3G 

250 

14 

ion                                   Turn  ON  Time 

DG  304-307 

Only 

1  10 

250 

15 

to))                                       Turn  OFF  Time 

70 

150 

16 

Break-Before  Make 
'on  "  'off                       Interval 

DG301/303 

DG 305/307  Only 

50 

See  Break-Before-Make  Time  Test  Circuit 

17 

CgiQfjj                           Source  OFF  Capacitance 

14 

pF 

Vs      0.  Note  2 

1       1  MHz 

18 

Cq[0((|                           Drain  OFF  Capacitance 

14 

VD  -  0.  Note  2 

19 

''Dion)  *"  ^S(on)        Channel  ON  Capacitance 

40 

VD      VS      0,No.e2 

20 

Cjn                                  Input  Capacitance 

6 

vIN     0 

21 

3  5 

V,N      "5V 

22 

OFF  Isolation3 

62 

(IB 

v)N  -  0.  RL      IK  :;.CL      H5pF 
VS*1VHMS''     500kH' 

23 

S 

u 

p 
p 

L 
Y 

1,                                      Positive  Supply  Current 

DG 300  303 
Only 

023 

1 

0.5 

U5 

1 

mA 

V)N      4  V  (One  Input)  (All  Other  Inpuls      01 

24 

It                                      Negative  Supply  Cur  rem 

-0.001 

-10 

-10 

-100 

-100 

mA 

25 

1}                                      Positive  Supply  Current 

0  001 

10 

10 

100 

100 

V(N      0.8  V  (All  Inputs) 

26 

l2                                      Negative  Supply  Current 

-0.001 

-10 

-10 

-100 

-100 

27 

I-,                                      Positive  Supply  Current 

DG304  307 
Only 

0.001 

10 

10 

100 

100 

V|N        '15  V  (All  Inputs) 

28 

1 2                                      Negative  Supply  Current 

-0,001 

-10 

-10 

-100 

-100 

29 

1 1                                      Positive  Supply  Current 

0.001 

10 

10 

100 

100 

VlN   -  0  IAII  Inputs) 

30 

12                                      Negative  Supply  Current 

-0,001 

-10 

-10 

-100 

-100 

NOTES. 

1.  Typical  values  are  tor  DESIGN  AID  ONLY,  not  guaranteed  and  not  sublet  to  production  testing,                                                          DG300  ICMA-A          DG302  ICMBA 

2.  V|N       Input  voltage  to  perform  proper  (unction,      DG300-3O3    VJN       Forlojjie'M"      4  V,  (or  logic  "0"      08  V                           DG301  ICMA-B          DG303  ICMB-B 

DG304-307    V|N   -   For  logic  "1"       1  1  V.  (or  logic  "0"      3.5  V 

3.  "OFF-  Isolation  ^  20  log  VS/VD.VS      Inpul  to  OF  F  switch.  VQ    -Output                                                                                                      DG304ICMA-C          DG306  ICMB-C 

DG305  ICMA-D          DG307  ICMBD 

Figure2 
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RDS  <  50r  over  signal  range 

Fast  switching  speed— TON  = 150ns  typ 

(DG  300-303) 
TON  =  110ns  typ 

(DG  304-307) 
DG  300-303  TTL,  DTL,  CMOS  Input  compatible 
DG  #304-307  CMOS  input  compatible 

All  terminals  protected  against  static  discharges 
Logic  input  protected  to  V,  ±32V. 
Four  different  switch  functions  to  give  op- 
timum flexibility. 


The  following  are  the  switching  pin  configurations: 
(See  Page  111.) 

Let  us  review  the  electrical  characteristics 
shown  in  Figure  2.  The  first  section  covers  the 
absolute  maximum  ratings.  Exceeding  these  ratings 
will  either  damage  the  chip  or  certainly  cause  im- 
proper operation.  (See  Page  112.) 

Looking  at  the  electrical  characteristics  sec- 
tions, 1-8  cover  those  parameters  of  the  switch 
portion  of  the  DG  300  series. 


signal.  With  a  1  Vrms  will  appear  at  the  output. 

Items  23-30  indicate  the  power  usage  of  the 
switch  under  various  conditions. 

Let  us  take  a  brief  look  at  the  switch.  Figure 
3  is  a  partial  schematic  of  a  DG  300  switch. 
Device  Q,  along  with  the  zener  diode  provides  the 
input  protection.  This  is  accomplished  by  Q, 
being  turned  off  whenever  the  input  voltage  exceeds 
the  positive  supply  (V^  and  by  the  zener  break- 
down whenever  the  input  goes  more  negative 
than  V,  -  VZENER.  Q2  and  Q3  form  the  first  input 
buffer  and  are  designed  to  set  the  proper  input 
threshold.  The  DG300  to  DG303  thresholds  are 
typically  between  1.5  and  2.5  volts  and  are  designed 
to  interface  with  TTL  gates  employing  pull-ups  to 
+  5V.  These  switches  can  also  be  driven  from 
CMOS  gates  using  5  to  15  volt  supplies.  If  15 
volt  CMOS  drive  is  available,  faster  switching  can  be 
accomplished  by  using  the  CMOS  input  DG304 
to  DG307  switches.  DG304  to  DG307  switch  inputs 
have  thresholds  typically  between  4  volts  and  6 
volts  with  ±15  V  supplies  and  are  designed  to 
interface  with  inputs  switching  between  ground  and 
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INPUT  PROTECTION 


LOGIC  INTERFACE  AND  SWITCH  ORIVEHS 


ANALOG  SWITCH 


Partial  Schematic  of  Typical  Switch 

Figure  3 


The  source  resistance  allows  the  calculation 
of  the  maximum  offset  error  to  be  expected  in 
use.  Analog  switch  currents  of  100  jzA  will  produce 
a  less  than  5mV  offset  voltage.  A  10  nA  current 
will  produce  less  than  1  mV  error.  Items  3-8  cover 
the  switch  leakage  currents.  These  currents  will 
produce  an  error  voltage  during  the  "OFF"  condi- 
tion. With  a  10K  source  resistance  the  maximum 
leakage  current  will  produce  less  than  .1mV  error. 

Parameters  9-11  indicate  the  input  currents 
expected  at  the  logic  input.  These  values  are 
easily  compatible  with  TTL  orCMOS  logic. 

The  dynamic  parameters  which  govern  the 
operation  during  switching  or  a.c.  input  conditions 
with  Turn-on  and  Turn-off  times  are  given  for  both 
series.  Parameter  16  indicates  the  typical  value  of 
time  between  the  breaking  of  one  set  of  contacts 
and  the  making  of  the  other  set.  In  all  cases  the 
switch  will  not  short  one  input  to  the  other 
(guaranteed  break-before-make  action). 

The  capacitance  parameters  determine  the 
switch's  performance  to  a.c.  signals.  With  10K 
source  resistance,  the  input  time  constant  will  be 
.4nanosecs.  This  would  give  an  8%  error  to  a 
Inanosec  rise  time  signal  and  less  than  a  2% 
errorfora2nanosec  input  signal. 

Parameter  22  provides  indication  of  how  much 
feed  through  the  switch  will  have  to  a  500  KHz 


the  +15V  supply.  Q4  through  Q15  form  additional 
buffers  and  create  the  necessary  driving  voltages 
for  the  switch  devices,  Q16  through  Q19.  Q17  and 
Q18  are  referred  to  as  being  body  snatchers,  not 
because  of  midnight  escapades,  but  because  they 
connect  the  body  of  Q19  to  either  its  source  or 
the  negative  supply.  This  reduces  the  ON  resistance 
and  the  OFF  leakage  of  this  device. 

The  major  use  of  the  DG  300  series  switches 
is  for  data  multiplexing.  Figures  4,  5  and  6 
illustrate  various  applications.  Figure  4  shows  a 
basic  switched  differential  amplifier.  As  can  be 
seen,  both  lines  of  the  two  inputs  are  switched 
in  a  differential  fashion.  When  the  logic  control 
signal  is  a  "1",  the  channel  2  is  selected  and  when 
"0",  channel  1  is  selected.  Because  of  the  break- 
before-make  action,  the  two  inputs  will  not  be 
shorted  together  during  switching. 

In  Figure  5  the  differential  amplifier  has  been 
improved  to  give  even  better  common  mode 
rejection.  A  position  or  offset  adjustment  has  been 
added. 

In  Figure  6  (page  114)  we  find  a  64-channel 
2-level  data  multiplex  system.  By  virtue  of  a  2-level 
system  slow  speed  switches  of  the  DG  500  series 
may  be  used  to  multiplex  16  inputs  to  a  single 
line.  These  switches  may  be  1-3  yusec  series  will 
give  moderate  to  high  leakage  current.  The  DG  300 
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series  switches  are  used  in  the  second  level  to 
multiplex  1  of  4  lines  to  the  output  line.  A 
comparison  of  the  two-levels  vs  one-level  scheme 
is  given,  indicating  a  factor  of  six  increase  in  switch- 
ing speeds  and  a  2.5  decrease  in  leakage  currents. 


LM101D    ">^i O  V0UT 


LOGIC  LOGIC  1  -  CHANNEL  2 

CONTROL  LOGIC  0  =  CHANNEL  1 


Fidure  4        Basic  Switched  Differential  Amp 


The  high  switching  speed  of  the  DG304  is  taken 
advantage  of  in  the  64-channel  two  level  multi- 
plex system  of  Figure  6.  This  circuit  employs 
4  each  DG506  16-channel  multiplexers  as  the  first 
MUX  level  and  uses  the  high  speed  DG304's  in 
the  second  level  to  switch  between  DG506  out- 
puts. CMOS  digital  logic  forms  the  address  logic 
for  the   multiplexers   as   well    as   the    DG304's. 

As  one  multiplexer  is  being  sampled  at  the 
output,  the  other  multiplexers  are  being  switched 
to  the  next  address  line.  This  allows  the  overall 
system  transition  time  to  be  shortened  from 
1.5  A<sec  to  0.25  /jtsec.  The  two  level  system 
also  lowers  output  mode  capacitance  and  output 
leakage. 


Now  let  us  take  up  a  nifty  little  part  which 
will  make  it  very  easy  to  interface  asynchronously 
with  a  computer.  The  chip  is  a  74170  16-bit 
4-by-4  Register  File.  These  16-bit  TTL  Register 
Files  are  organized  as  four  words  of  four  bits 
each.  Separate  on-chip  decoding  is  provided  for 
addressing  the  4-word  locations  to  either  the  write- 
in  or  retrieve  data.  This  permits  simultaneous 
writing  into  one  word  location  and  reading  from 
another. 

Four  data  inputs  are  available  to  supply  the 
4-bit  word  to  be  stored.  Location  of  the  word 
is  determined  by  write-address  input  A  and  B  in 
conjunction  with  a  write-enable  signal.  Data  applied 
at  the  inputs  should  be  in  their  true  form.  That 
is:  if  a  high-level  signal  is  desired  from  the  out- 
put, then  a  high-level  signal  must  be  applied  at 
the  particular  data  input  for  that  bit  location. 
The  latch  inputs  are  arranged  so  that  new  data 
will  be  accepted  only  if  both  internal  address 
gate  inputs  are  high.  When  this  condition  exists, 
data  and  the  D  input  is  transferred  to  the  latch 
output.  When  the  write-enable  input  (L  +  W)  is 
high,  the  data  inputs  are  inhibited  and  a  change  in 
their  levels  can  not  change  the  information  stored 
in  the  internal  latches. 

When  the  read-enable  input  (GR)  is  high, 
these  data  outputs  are  inhibited  and  remain  high. 
This  means  both  enables  are  inverted  logic. 
Negative  signals  enable  the  particular  area  and 
positive  signals  inhibit. 

The  individual  address  lines  permit  direct 
reading  of  data  stored  in  any  four  of  the  latches. 
Four  individual  decoding  gates  are  used  to  com- 
plete the  address  for  reading  a  word.  When  the 
read  address  is  set  up  in  conjunction  with  the 
read-enable  signal,  the  word  appears  at  the  four 
Q  outputs. 

This  arrangement— data  entry  addressing 
separate  from  the  data-read  addressing  with  each 
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A  COMPARISON  OF  1  LEVEL  vl  2  LEVEL 
64  CHANNEL  MULTIPLEX  SCHEMES 
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data  bit  having  an  individual  sense  line— eliminates 
recovery  times.  It  permits  simultaneous  reading 
and  writing  with  speeds  limited  by  only  the  write 
time  (30  nanosecs  typical)  and  the  read  time 
(25  nanosecs  typical).  The  register  file  has  a  non- 
destructive readout  in  that  data  are  not  lost  when 
addressed. 

The  correction  diagram  and  truth  tables  for 
read  and  write  are  shown  in  Figure  7. 

Figure  8  is  the  logic  diagram  of  74170. 
(See  Page  116.) 

All  170  inputs  and  all  inputs  except  the 
read-enable  and  write-enable  of  the  LS170  are 
buffered  to  lower  the  drive  requirements  to  one 
standard  load.  Input-clamping  diodes  minimize 
switching  transients  to  simplify  system  design. 
High-speed,  double-ended  AND-OR-INVERT  gates 
are  employed  for  the  read-address  function  and 
drive  high-sink-current,  open-collector  outputs.  Up 
to  256  of  these  outputs  may  be  wire-AND  con- 
nected for  increasing  the  capacity  up  to  1024 
words.  Any  number  of  these  registers  may  be 
paralleled  to  provide  n-bit  word  length. 

Features 

■  Separate  addressing  permits  simultaneous  reading 
and  writing 

■  Fast  access  times  typically  20  ns 

■  Organized  as  4  words  of  4  bits 

■  Expandable  to  1024  words  of  n-bits 

■  For  use  as: 

Scratch-pad  memory 

Buffer  storage  between  processors 

Bit   storage   in   fast   multiplication   designs 

■  Open-collector  outputs  with  low  maximum  off- 
state  current: 

170  30   ii  A 

LS170  20    ^A 


National  Semiconductor  also  makes  a  670 
part  with  tri-state  outputs  which  may  be  connected 
to  a  bus-line. 

Another  useful  IC  is  the  DM  8131/36,  a  6-bit 
Unified  Bus  Comparator.  The  circuit  diagram, 
correction  diagram  and  truth  table  for  this  ubi- 
quitous device  are  shown  in  Figure  9.See  Page  117. 

Electrical  characteristics  are  shown  on 
Figure  2.  The  comparator  in  this  design  compares 
two  binary  words  of  2-to-6-bits  in  length  and  it 
indicates  when  the  two  words  match  (bit-for- 
bit).  Both  active  pull-up  outputs  (low  state  for 
W,  =  W2)  and  open-collector  outputs  (low  state 
for  W1  =  W2)  are  available.  The  latter  devices 
may  be  used  where  necessary  to  expand  the 
comparison  to  nano-bits  by  collector— ORing. 
Don't  forget  to  add  the  required  resistor  pull-up. 

The  nice  advantage  of  these  comparators  over 
AND/OR  gating  is  the  savings  in  chip  count  and 
the  comparator  has  a  high  impedance  bus  inter- 
face. 

One  input  requires  a  maximum  of  50  jjl A 
input  current  and  is  obviously  ideal  for  address- 
decoding  on  the  unified  bus  systems.  The  other 
bit  comparator  input  is  TTL  compatible  (though 
the  bus  side  will  obviously  also  work  from  a  TTL 
input.)  The  bus  input  has  0.65  hysteresis  to  pro- 
vide 1.4V  typical  noise  immunity.  The  bus  inputs 
comply  with  the  IEEE  488-1975  interface  speci- 
fications. 

The  output  circuitry  of  the  comparator  contains 
latching  feedback  which  provides  the  capability 
of  holding  the  output  state  during  non-strobe  times. 

The  transfer  of  information  to  the  output 
occurs  when  the  STROBE  input  transitions  from 
logic  "1"  to  logic  "0"  (high  to  low).  Input  may 
be  changed  while  the  STROBE  is  at  logic  "1" 
level  without  affecting  the  state  of  the  output. 

This  device  is  outstanding  as  an  address 
comparator  for  memory  and  I/O  boards. 


Figure  7 
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Truth  Tables 

WRITE  TRUTH  TABLE  (SEE  NOTES  A,  B.  AND  CI 


READ  TRUTH  TABLE  (SEE  NOTES  A  AND  D) 


WRITE  INPUTS 

WORD 

WB           WA           G„ 

0 

1              2 

3 

L               L               L 

Q-  O 

Qo         Qo 

Qo 

L               H               L 

Qo 

Q  =  D         Qo 

Qo 

H               L               L 

Qo 

Qo         0=  D 

Qo 

H               H               L 

Qo 

Qo           Qo 

Q=  D 

X               X               H 

Qo 

Qo         Qo 

Qo 

READ  INPUTS 

OUTPUTS 

RB             RA             GR 

01 

Q2            Q3 

CM 

ILL 

W0B1 

W0B2      W0B3 

W0B4 

L               H               L 

W1B1 

W1B2      W1B3 

W1B4 

H               L               L 

W2B1 

W2B2      W2B3 

W2B4 

H                H                L 

W3B1 

W3B2      W3B3 

W3B4 

X              X              H 

H 

H             H 

H 

Notes 

(A)  H  =  High  Level,  L  «  Low  Level,  X  =  Don't  Care 

(B)  (Q  =  Dl  =  The  four  selected  internal  flip-flop  outputs  \ 


ill  assume  the  states  applied  to  the  four  external  data  inputs. 


(C) 


:  The  level  of  Q  before  the  indicated  input  conditions  were  established. 


IDI    W0B1  -  The  first  bi'  of  word  0,  etc. 
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Logic  Diagrams 
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Connection  Diagram 


Features 

■  Low  bus  input  current  15pAtyp 

■  High  bus  input  noise  immunity  1 .4  typ 

■  Bus  inputs  comply  with  IEEE  488-1975 

■  TTL-compatible  output 

■  Output  latch  provision 

Truth  Table 
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By  Robert  A.  Stevens 
Software  Editor 


Software  Section 


This  month's  issue  of  INTERFACE  AGE 
includes  articles  on  software,  development  pro- 
grams, a  short  graphics  theme  and  a  game  program. 
The  software  articles  are: 

•  An  8080  Octal  Debugging  Program  (ODT-80) 
by  E.  R.  Fisher  for  the  LLL  BASIC  Inter- 
preter. This  is  Part  4,  last  in  the  series  on  the 
LLL  BASIC  Interpreter  program. 

•  A  resident  6800  Re-entrant  Self-Relative  Sub- 
routine Firmware  package  called  (RS)3  provides 
additional  development  software  subroutines 
to  AMI'S  PROTO  monitor  firmware  for  the 
EVK  microcomputer.  Both  PROTO  and  (RS)3 
firmware  are  included  as  part  of  the  total 
EVK  microcomputer  package.  (RS)3  was  de- 
veloped by  American  Microsystems  who 
have  kindly  made  it  available  to  the  readers 
of  INTERFACE  AGE. 

•  A  short  article:  Graphics,  The  Easy  Way  by 
Marvin  Mallon  on  utilizing  PolyMorphic  Sys- 
tems' Video  Terminal  Interface  (VTI)  board 
provides  an  insight  into  using  the  VTI  board 
to  generate  the  full  upper  and  lower  case 
alphanumeric  characters  and  to  generate  64 
graphic  symbols. 

Z-80  MITS  12K  Extended  BASIC  Program 
Patches  by  Martin  D.  Gray  provides  the  required 
software  patches  to  the  MITS  Extended  BASIC 
for  execution  by  the  Z-80  CPU. 


SOFTWARE  BUGS 

ARTICLE  —  Dr.  Wang's  Palo  Alto  Tiny  BASIC  by 
Roger  Rauskolb  starting  on  page  92  of  our  December 
issue. 

Roger  reports  that  a  software  addition  must  be 
added  to  resolve  the  —0  condition  for  the  CHGSGN 
subroutine  on  page  103.  Insert  the  following  8080 
Source  Code  after  memory  address  0486  Op  Code 
MOV  A,H  as  shown  and  reassemble  Source  Code: 


CHGSGN: 

0486 

7C 

MOV 
XTR 

A,H 
L 

;  *•*  CHGSGN  "*" 

insert 

RZ 

MOV 

A.H 

F5 

PUSH 

PSW 

2F 

CMA 

;  CHANGESIGN  OFHL 

67 

MOV 

H.A 

CALL    FOR    INFORMATION    ON    BASIC 
PROGRAMMING  LANGUAGES— RERUN 

INTERFACE  AGE  is  conducting  a  survey  on  the 
characteristics  and  programming  power  of  micro- 
computer BASIC  conversational  programming  lan- 
guages. This  survey  includes  Tiny  BASIC  (TB),  Tiny 
BASIC  Extended  (TBX),  Standard  BASIC  (SB),  Stan- 
dard BASIC  Extended  (SBX)  and  Business  BASIC 
(BB)  languages.  One  of  the  many  objectives  of  this 
survey  is  to  highlight  the  correlation  between  BASIC 
languages  in  order  to  provide  insight  for  running 
a  BASIC  application  program  on  any  of  the 
different  BASIC  languages.  At  the  completion  of 
this  survey,  the  results  will  be  published  in 
INTERFACE  AGE. 

If  you  have  developed,  helped  develop,  or 
modified  any  BASIC  type  of  programming  lan- 
guages for  any  microcomputer,  please  contact 
or  send  hard  copy  of  grammar,  user's  manual, 
copy  of  software  and  any  supporting  documentation 
to  Robert  A.  Stevens,  software  editor,  INTERFACE 
AGE.  Please  include  your  home  and  work  tele- 
phone numbers  (for  coordination)  with  all  corres- 
pondence. 

INTERFACE  AGE  NEEDS  YOUR  VOTE 

Help  INTERFACE  AGE  determine  the  type  of 
articles  you  want  to  see  published  in  the  future 
by  casting  your  vote  of  10  points  for  the  article 
(block  voting)  or  articles  (by  vote  splitting)  you 
liked  best.  Feedback  will  provide  encouragement 
to  authors  and  will  help  make  the  INTERFACE 
AGE  The  microcomputer  magazine  of  the  industry. 

Each  INTERFACE  AGE  magazine  shall  include 
one  original  bingo  voting  card.  Each  individual 
possessing  a  bingo  voting  card  shall  be  allowed 
up  to  ten  votes  to  be  cast  as  a  total  single 
vote  block  for  one  author  or  subdivided  into  any 
vote  block  segment  size  combinations,  with  the 
total  cast  vote  sum  not  to  exceed  ten,  cast 
between  two  or  more  authors  (no  xerox  copies 
of  the  bingo  vote  card  please).  Each  published 
article  is  assigned  a  block  of  10  bingo  card 
numbers  with  the  last  digit  of  the  number  (LSD) 
to  represent  your  cast  vote  value.  O  represents 
a  vote  value  of  10.  The  prefix  digits  of  the 
number  block  defines  the  article  number. 

All  valid  bingo  vote  cards  must  be  post- 
marked prior  to  12:00  P.M.  of  the  last  day  of  the 
month  following  the  issue  date  of  the  related 
magazine. 

HALF    SIZE    PROGRAM    LISTINGS    VS 
FEWER  PROGRAMS  UPDATE 

Full  size  or  near  full  size  xerox  copies  of  soft- 
ware published  in  half  size  format  will  be  avail- 
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SOFTWARE  SECTION 


SOFTWARE  EDITORIAL 


able  from  the  Microcomputer  Software  Depository 
(MSD).  See  MSD  program  listing  for  details. 

INTERFACE  AGE  WILL  PAY  UP  TO 
$50/ PAGE  FOR  SOFTWARE 

INTERFACE  AGE  is  continually  soliciting 
original  unpublished  quality  documented  highly 
commentated  source/object  code  software  listings 
and  software  technical  articles  for  publishing  in 
the  INTERFACE  AGE.  Manuscript  text  must  be 
typed  double  spaced  with  wide  margins.  Figures, 
tables,  flow  diagrams  and  charts  must  be  numbered 
and  submitted  on  separate  sheets  of  white  bond 
paper  (Send  original  copy  only).  Program  listings 
must  be  printed  on  white  clean  paper  using  a 
new  black  ink  ribbon,  and  please,  if  possible, 
supply  a  punched  paper  tape  assembly  (source  + 
object)  code  listing  +  source  code  listing  +  object 
code  dump  with  your  hard  copy.  Be  sure  to 
record  your  name,  company  and  office  and  home 
telephone  numbers  on  all  materials  submitted  to 
the  software  editor.  Also  include  statement  in 
cover  letter  allowing  INTERFACE  AGE  and  the 
Microcomputer  Software  Depository  to  publish 
and  distribute  copies  of  your  software  program. 
Include  a  prepaid  postage  stamped  envelope  with 
your  return  address  only  if  you  want  your  manu- 
script returned,  in  the  event  that  the  submitted 
article  is  not  accepted  for  publication. 

Articles  accepted  and  published  will  receive 
an  honorary  recognition  award.  Honorariums  are 
based  upon  technical  content,  manuscript  pre- 
paration and  subject  suitability  for  publication 
in  INTERFACE  AGE.  Honoraria  range  from  $15.00 
to  $50.00  per  typeset  magazine  page.  In  addition, 
the  best  article  of  the  month  submitted  will 
receive  a  $100  bonus.  INTERFACE  AGE'S  reader- 
ship will  determine  by  vote  which  is  the  best 
article.  (See  best  article  of  the  month  award). 
All  software  submitted  to  INTERFACE  AGE  will 
be  deposited  in  the  Microcomputer  Software  De- 
pository (MDS)  for  low  cost  distribution. 

Address  all  software  correspondence  to  R.A. 
Stevens,  Software  Editor,  c/o  INTERFACE  AGE 
Magazine,  2361  E.  Foothill  Blvd.,  Pasadena,  CA 
91 107  or  call  (213)  449-1655. 

BEST  ARTICLE  OF  THE  MONTH  AWARD 
UPDATE 

INTERFACE  AGE  will  bestow  an  Honorary 
Award  of  $100.00  to  the  author  of  the  best  non- 
commercial microcomputer  article  of  the  month. 
Only  individuals  are  eligible  for  this  monthly 
honorarium.  This  monthly  award  is  in  addition 
to  the  honorarium  given  on  the  page  count  basis. 
Microcomputer  articles  may  be  on  hardware, 
software  or  a  combination  hardware-software  and 
will  be  judged  by  the  INTERFACE  AGE  readership. 

BEST  ARTICLE  OF  TH  E  YEAR  AWARD 
INTERFACE  AGE  will  bestow  an  Honorary 
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Award  of  $500  value  in  products  advertized  in 
INTERFACE  AGE  to  the  author  of  the  best  non- 
commercial microcomputer  article  published  during 
1977.  The  best  article  of  the  year  award  will 
be  picked  from  the  group  of  the  best  article  of  the 
month  awards.  Like  the  best  article  of  the  month 
award,  only  individuals  are  eligible  for  this  yearly 
honorarium.  The  yearly  award  is  in  addition  to  the 
monthly  award  and  honararium  given  on  the  page 
count  basis.  The  yearly  award  will  be  judged  by  the 
editors  of  INTERFACE  AGE  and  will  be  announced 
in  February  1978  issue  of  INTERFACE  AGE. 

SOFTWARE  SHOPPING  LIST 

Now  that  INTERFACE  AGE  has  expanded  the 
microcomputer  software  coverage  and  developed  a 
large  appetite  for  good  software,  your  programs  and 
application  software  is  badly  needed  to  satisfy  this 
enlarged  software  appetite.  This  software  shopping 
list  includes  the  following: 

•  Microcomputer  Development  Software  such  as 
assemblers,  disassemblers,  editors,  monitors, 
utilities,  mini-maxi  BASIC  interpreters  and  com- 
pilers, FORTRAN  interpreters  and  compilers, 
boot  strap  loaders,  software  drivers,  cassette 
software  operating  systems  (COS),  floppy  disc 
software  operating  systems  (FDOS),  TTY  soft- 
ware operating  systems  (TTYOS)  for  all  micro- 
computer configurations. 


il       i 

MICRO 

C  O  IWlAPHzrT^E  R  S 


ORANGE  COUNTY 


Hardware  and  Software 


Hobby  and. Small  Business 

SERVICE  and  SALES 

Fountain  Valley  Plaza 

1/s  Block  South 

of 

San  Diego  Freeway 


1B120  Brookhurst  St. 

Fountain  Valley 

Calif.  B270B 


Bat  1 0-B      Su 
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HI  II.  me 

announces  the  availability  of 

Byt-8 

the  NEW  LOW  PRICED  MICROCOMPUTER 

you've  heard  and  read  about  that's  high 

in  flexibility!!! 

CHASSIS,  MOTHERBOARD, 
POWER  SUPPLY 

kit $229.00 

SOAQ  00 

WITH  CPU  (8080A) OH57. 

$A7Q  oo 

or  with  ZPU 1  f  «f  ■ 


assembled  with  connectors  and  tested  . 


$200.00 


ADDITIONAL 

Special  Discounts  For  Quantity  Orders 


Seals  8K  Memory. 


TVT  Typewriter  Kit  with  Board. 


^24900 

$1 25.00 


Lear  Seigler  ADM-3A  «nj/>  nn 

(24x80)  Kit $819.°° 

ADM-3A  (24  x  80)  Assembled  . .  $1  01  9.00 

IMSAI  8080  (22  Slot)  Kit $649.00 

Assembled  with  all  edge  connectors       ...__    „» 
and  guides  and  tested wi  O. 

BOOKS: 

Intro.  To  Microcomputers  Vol.  I O. 

Intro.  To  Microcomputers  Vol.  II 1 1 .9S 

TVT  Cookbook $7.95 

TTL  Cookbook $6.45 

Microcomputer  Dictionary  &  Guide. . .  $1  3.9S 

TO  ORDER:  CALL  or  WRITE  DATA  IV,  INC. 

(ask  for  our  discount  catalog  5706  Barrymore  Drive 

of  other  products)  Centreville,  Va.  22020 

VA  Residents  add  4%  Sales  Tax  703  (524-9335 

AVAILABILITY  OF  ALL  ITEMS  LISTED  IS  WHILE  SUPPLY  LASTS 

PRICES  &  SPECIFICATIONS  SUBJECT  TO  CHANGE  WITHOUT  NOTICE 

FREIGHT  ADDITIONAL 

CHECK  OR  MONEY  ORDER  ONLY 

CIRCLE  INQUIRY  NO.  68 
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•  Short  Software  Routines  such  as  math  packages 
and  I/O  diagnostics  for  all  microcomputer 
configurations. 

•  Application  Software  Programs  such  as  Analog 
To  Digital  Converter  (DAC)— Digital  to  Analog 
Converter  (DAC)  software  control  programs, 
Automated  membership  billing  and  mailing  list 
update  program,  Inventory  control  software, 
invoice  and  billing  software.  Accounts  Re- 
ceivables and  Payable  software,  process  control 
programs,  etc.  for  all  microcomputer  config- 
urations. 

•  Software  Communications  Protocol  Programs 
for  such  communication  protocols  as  the  BSC 
or  Bisync  (Binary  Synchronous  Communications 
protocol  procedures)  and  the  new  SDLC 
(Synchronous  Data  Link  Control  communication 
protocol  procedures),  etc. 

•  Off-line  Software  Storage  Format  Control  Programs 
for  cassette,  paper  tape,  and  floppy  disc  soft- 
ware recording  formats. 

•  Microcomputer  Game  Programs 

•  Add  Your  Own  Program  Shopping  List  Here 
Send  your  list  to  the  software  editor. 

INEXPENSIVE  MICROCOMPUTER 
SOFTWARE 

The  Microcomputer  Software  Depository  (MSD) 
will  act  as  repository  for  source  and  object  code 
tapes.  Programmers  wishing  to  contribute  programs 
to  the  public  domain  but  who  do  not  want  to 
bother  with  distribution,  may  do  so  by  forwarding 
appropriate  documentation  including  short  descrip- 
tive write-up  and  punch  paper  tape  copy  of  pro- 
gram if  possible  or  cassette  copy  to  MSD.  There 
is  no  membership  fee  for  access  to  the  public 
domain  paper  tapes  (PDT)  from  MSD. 

Anyone  may  obtain  copies  of  these  PDT 
software  packages  by  prepaying  a  small  fee  with 
the  order  to  cover  duplication,  postage  and  hand- 
ling cost.  Prices  will  be  listed  periodically  in 
INTERFACE  AGE.  Typical  cost  for  a  short  program 
will  be  approximately  $2.00  ($2.00/ounce)  +  tax, 
postage  and  handling.  As  a  convenience  MSD  will 
also  provide  punched  paper  tape  copies  of  vendor 
supplied  software  packages  (VSP)  that  will  be  sold 
at  vendor  suggested  sale  prices.  For  a  current 
copy  of  the  available  software  from  the  Micro- 
computer Software  Depository  (MSD)  send  a  check 
for  $1.00  with  a  prestamped  return  envelope  to 
MSD. 

Support  MSD  to  build  a  software  library  by 
sending  copies  of  your  documented  software  pro- 
grams including  short  description,  flow  diagrams 
and  punched  paper  tape  source  code  and  object 
listings  if  possible  or  cassette  tape  copy  for  low 
cost  distribution  to  the  following  address:  Micro- 
computer Software  Depository,  2361  E.  Foothill 
Blvd.,  Pasadena,  CA.  91107;  (213)  449-0616. 


See  the  new  expanded  Software  Library  listing  in 
the  April  issue. 
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OCTAL  DEBUGGING  PROGRAM  (ODT-80) 

PART  IV-LLL  BASIC 


By  E.  R.  Fisher 


FOREWARD 

This  article  is  the  last  part  of  a  series  of 
four  articles  covering  the  LLL  8080  BASIC  In- 
terpreter program  released  to  the  public  domain 
by  Lawrence  Livermore  Laboratories.  This  month 
we  shall  cover  the  description  of  the  Octal  De- 
bugging Program  ODT-80  and  include  the  complete 
assembly  listing  of  the  ODT-80  program. 

INTRODUCTION 

ODT-80  is  an  octal  debugging  routine  for  use 
on  the  Intel  8080  microprocessor.  This  routine 
provides  the  capability  to  examine  and  modify 
all  of  the  memory  that  is  available  to  the  micro- 
computer and  transfer  program  control  to  the 
created  program.  ODT-80  makes  use  of  simple 
keyboard  commands  from  any  terminal— such  as  a 
teletypewriter— that  is  attached  to  the  system. 

ODT-80  (Octal  Debugging  Technique)  is  a  pro- 
gram written  for  the  MCS-80  that  allows  the  user 
to  modify  a  program  via  a  teletypewriter  keyboard. 
The  program  occupies  400  octal  words  and  must 
be  located  in  the  lowest  memory  page  of  the 
MCS-80  system,  since  the  program  uses  the 
RESTART  instructions. 

ODT  has  been  proved  to  be  an  effective  aid 
to  debugging  on  microprocessors.  The  first 
version,1  for  the  Intel  8080,*  has  been  "front 
panel"  for  virtually  hundreds  of  microprocessor 
applications.  The  author  submits  this  ODT  for  the 
8080  in  hopes  that  the  tradition  of  soft  panels 
may  be  perpetuated. 

SYSTEM  REQUIREMENTS 

All  addresses  of  memory  locations  and  con- 
tents of  memory  locations  are  referred  to  in 
octal  numbers.  A  question  mark  (?)  will  be  typed 
for  any  illegal  input. 

The  minimum  system  requirements  for  using 
ODT  are  as  follows: 

•  MCS-80  computer  set 

•  ODT  programmable  read  only  memory  (PROM) 
at  memory  page  0008 

•  256  word  (RAM)  at  page  01 08 

•  Teletype  interface  with  the  following  codes: 

OUT  2— SEND  ASCII  character 
IN  2— Input  word  from  TTY 

D7  Da 

IN  3— Read  FlagsTT 

Sending  Done 

Word  Received 


UTILITY  ROUTINES 

The  following  subroutines  are  available  to 
the  user  as  utility  routines  for  other  programs: 


Address 


Call 


Routine 


111 


J. 


111  (flag  word) 


307  RSTODT      Restart  ODT  program.  This 

is  useful  for  error  branch- 
ing in  program  debugging. 

367  RSTSEND    Send  the  ASCII  character 

presently  in  the  "A"  re- 
gister. 

315  CALREAD    Wait  for  a  character  to  be 

received  from  the  tele- 
type and  return  with  the 
ASCII  character  in  the  "A" 
register.  The  "A"  and  "B" 

333  registers  are  used  in  this 

0  routine. 

315         CALL  CRLF   Send  a  carriage  return  and 
370  a  line  feed  to  the  tele- 

typewriter. 
0  The  "A"  register  is  used 

in  this  routine. 

315       CALOCTALP  Send  a  space  and  type  in 
301  Octal  the  three  digit  num- 

ber in  the  "A"  register. 
0 

The  A,  B,  and  E  registers 
are  used  in  this  routine. 


COMMANDS 

(n8/)  —The  ASCII  Slash  (/)  character  is  used  to 

Open  the  n8  address  and  type  the  contents 

in  octal. 

(LF)  —The  ASCII  Line  Feed  (LF)  character  is  used 
to  close  the  currently  open  address,  and 
open  the  next  sequential  address.  The 
contents  of  the  open  register  may  be 
changed  by  typing  the  octal  number  to  be 
input  and  then  typing  a  (CR). 

(.)  —The  ASCII  Period  (.)  operator  character  may 
be  used  before  the  (/)  operator  to  open 
the  address  last  used. 

(n8S)  —The  SET  command  is  used  to  set  the  H 
register  to  the  memory  page  to  be  accessed. 
(EX)         10S         ;H  =  0108 

(n8R)  —The  READ  operator  is  used  to  start  a  loader 
program  in  memory  page  No.  2,  location  0. 
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If  this  command  is  preceded  by  an  "nS" 
command,  the  n  value  will  be  passed  to  the 
loader  program  in  the  H  register. 

(n8G)— The  GO  routine  is  used  to  start  a  program 
in  memory.  The  octal  number  typed  before 
the  "G"  operator  will  set  the  starting  address 
in  memory.  The  "G"  operator  should  be 
preceded  by  an  "nS"  command  to  select 
the  desired  page. 

(CTRL- 

C)  —The  ASCII  Control  C  character  is  used  to 
command  the  type  out  of  the  top  two 
locations  in  the  stack.  (See  trap.)  Leaves 
the  stack  pointer  at  its  initial  position  -2. 

(CR)  —The  ASCII  Carriage  Return  (CR)  character 
is  used  to  close  the  currently  open  address. 


TRAP 

The  trap  feature  of  ODT  works  as  follows: 
When  the  central  processor  encounters  a  3778 
as  an  instruction,  the  processor  decodes  this  as 
a  restart  to  location  708  in  memory  08.  An  example 
of  this  is  when  a  nonexistent  memory  is  addressed, 
or  when  a  3778  is  placed  in  a  program  for  a 
break  point.  At  this  time,  ODT  stores  in  the 
pushdown  stack  the  address  of  the  errant  location 
and  all  of  the  registers.  The  trap  indication  is  a 
"T"  typed  out  on  the  teletypewriter.  Control  is  now 
back  in  ODT  and  multiple  Control-C's  (CTRL-C) 
typed  by  the  operator  will  yield,  in  sets  of  two 
(One  set  for  each  CTRL-C  Typed),  the  trapped 
information  in  the  following  format: 


ADDRESS 
ERROR        +1 


REGISTERS 


PAGE 
NO.     LOCATION       A 


XXX 


XXX 


tXXX  XXX,  ,XXX  XXX,  XXX  XXX  XXX  XXX 


The  "F"  register  is  the  status  flags  of  the  8080,  with  the  format 
shown  in  Fig.  1. 


I   MSB 
J  (SIGN) 

ZERO 
FLAG 

0 

CARRY 
1 

0 

EVEN 
PARITY 

1 

CARRY 
2 

Fig.  1.  "F"  register  format. 


A  CTRL-C  typed  at  any  time  will  type  out 
the  pushdown  stack  but  not  in  the  format  shown 
above!  the  above  format  is  only  available  im- 
mediately after  a  "T"  has  been  sent  by  ODT. 

If  a  continuous  string  of  "T"  are  sent  to  the 
TTY  without  stopping,  this  is  an  indication  that 
the  stack  pointer  is  pointing  at  nonexistent  memory. 
It  will  be  necessary  to  restart  ODT. 
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RESTART/INTERRUPT  LOCATIONS 

There  are  five  segments  of  memory  reserved 
in  ODT  for  INTERRUPT  or  RESTART  operation. 
These  locations,  shown  in  Fig.  2,  contain  jumps 
to  the  scratch  RAM  memory  #10,  used  by  ODT. 
This  allows  interrupt  service  to  be  handled  even 
though  memory  #0  is  preprogrammed  to  contain 
ODT. 


MEM 


'0 


MEM 
*\0 


10 
20 
30 
40 
50 
60 
70 


ODT 
ENTRY 

JMP 

10 

JMP 
\0 

JMP 
30 
10 

JMP 

1 

10 

JMP 
10 

SEND 
ENTRY 

POINTER)^ 

TRAP 
ENTRY 

10 


20 


30 


50 


INTERRUPT 

SERVICE 

ROUTINES 


Figure  2.  RESTART/INTERRUPT  locations. 

STACK  POINTER 

The  stack  pointer  is  reset  to  location  3508 
every  time  ODT  is  restarted  via  location  0  of 
ROM  0— in  other  words,  whenever  a  "?"  is  sent 
by  ODT.  ODT  and  other  programs  use  the  stack 
pointer;  therefore,  memory  locations  plus  and  minus 
this  location  are  apt  to  be  overwritten.  However, 
the  stack  pointer  moves  down  in  memory  (high 
addresses  to  low  addresses),  so  normal  operation 
will  keep  the  stack  pointer  in  RAM  108. 

EXAMPLE  OF  TYPICAL  DEBUGGING 
OPERATION 

The  following  example  illustrates  a  typical 
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debugging  operation.  It  is  assumed  that  a  program 
has  been  assembled  and  that  the  program  is  to  be 
loaded  by  a  loader  in  PROM  2. 

1.  Set  the  memory  field  with  the  S  command,  and 
read  the  tape  with  the  R  command. 

10S*  ;SET  MEMORY  FIELD  TO  10 

0R  ;START  READER  ON  TTY 

?  ;WHEN  TAPE  IS  READ  IN  ODT 

RESTARTS  (startup  of  ODT  de- 
pends upon  the  reader  program 
in  PROM  2) 

2.  Start  the  program  with  the  G  command. 

10S  ;START  PROGRAM  AT  LOCATION 

0 

0G 

TEST  PROGRAM;  TYPED  BY  PROGRAM  WITH  AN 
ERROR 

3.  Change  location  (30)  to  correct  output.  Restart 
ODT. 

10S 

30/327  322)     ;CHANGE  "W"  TO  AN  "FT 

0G 

TEST  PROGRAM  ;  CORRECTED  OUTPUT 


EXAMPLE  PROGRAM  LISTING 


8080  MACRO  ASSEMBLER,    VER   1 . 1      ERRORS   =   0  PAGE    1 


;0DT  TEST 

PROGRAM 

; 10-21-74 

000006 

SEND 

EQU  6 

000370 

CRLF 

EQU   370Q 

•PROGRAM  PROPER 

004000 

ORG   4000Q 

004000 

041   022 

010 

LXI   H  TABLE 

;SET  UP  ADDREI 

004003 

176 

LOOP 

MOV  A,M 

;GET  ENTRl 

004004 

376  000 

CPI   0 

004006 

312  016 

010 

J  2  ND 

;IF  0  END 

OF   LIST 

004011 

367 

RST  SEND 

;TYPE   CHARACTEI 

004012 

043 

INX   H 

004013 

303  003 

010 

JMP   LOOP 

;LOOP 

004016 

315  370 

000 

ND: 

CALL  CRLF 

;SEND  CRLF 

004021 

166 

HLT 

004022 

324 

TABLE 

:        DB  324Q 

;T 

004023 

305 

DB   305Q 

;E 

004024 

323 

DB   323Q 

JS 

004025 

324 

DB   324Q 

JT 

004026 

340 

DB  240Q 

; SPACE 

004027 

240 

DB   320Q 

;P 

004030 

327 

DB  327Q 

;W  FOR 

ERROR 

004031 

317 

DB   31 7Q 

;0 

004032 

307 

DB  307Q 

;G 

004033 

322 

DB   322q 

;R 

004034 

301 

DB   301Q 

;a 

004035 

315 

DB   315Q 

;H 

004036 

0 

DB  9 
END 

NO  PROGRAM  ERRORS 

1 

8080  MACRO  ASSEMBLER, 

VER   1 

1      ERRORS   =   0 

PAGE    2 

SYMBOL  TABLE 

•  01 

A 

000007 

B 

000000            C 

000001 

CRLF 

000370 

D 

000002 

E 

000003            H 

000004 

I 

OOOOOS 

LOOP 

004003 

M 

000006            ND 

004015 

PSK 

000006 

SEND 

000006 

SP 

000006            TABLE 

004021 

English,  who  coauthored  with  me  the  ODT  for 
the  8008,  from  which  a  large  part  of  this  program 
was  derived,  and  Walt  Binge  and  Mike  Maples, 
who  helped  on  the   preparation  of  this  paper. 

ODT-80  PROGRAM  LISTING 
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:00T    PROGRAM  FOR    THE    MCS-SO 

.4-20-74 

000000 

ORG  0 

00000? 

TTY    EQU 

8 

000006 

SNO  EOU 

E 

000003 

FLAG   EQU   3 

ooocoo 

061    350    010 

ERROR 

LXI    SP. 43500 

.SET    STACK   POINTER, PAGEIO.LOC    350 

000003 

076  277 

MVI    A.277Q 

;SENO  A    ? 

000005 

303   077    000 

JMP  EAR 

0000 10 

303   010   010 

JMP  40100 

iFIRSt    RESTART    LOCATION 

000013 

000 

NOP 

000014 

DOO 

NOP 

000015 

000 

NOP 

000016 

000 

NOP 

000017 

000 

NOP 

000020 

303   020    OlO 

JMP  V020Q 

000023 

000 

NOP 

00008^ 

ooo 

NOP 

000025 

000 

NOP 

000086 

000 

NOP 

000087 

000 

NOP 

000030 

303   030    010 

JMP    4030Q 

000033 

000 

NOP 

00003^ 

000 

NOP 

000035 

000 

NOP 

000036 

000 

NOP 

000037 

000 

NOP 

00004  0 

303    040   010 

JMP    4  04  DO. 

000043 

000 

NOP 

000044 

000 

NOP 

000045 

000 

NOP 

000046 

000 

HOP 

000047 

000 

NOP 

000050 

303   050    010 

jmp   40500 

000053 

000 

NOP 

000054 

115 

PERr 

MOV  C.L 

iROUTINE    TO   MAKE   PERIOD  CURRENT    LOCATION 

000055 

303    107   000 

JMP   NEXTC 

000060 

303    344    000 

SENO: 

JMP    SEN 

;ENTRY    POINT     TO    SENO   ROUTINE 

000063 

315   370   000 

GO: 

CALL    CRLF 

;5END   A   CRLF 

000066 

151 

MOV    L.C 

:SCT    THE   L   REG 

000067 

351 

PCML                ;JMP 

TO   STARTING    AOORESS 

000070 

34.3 

TRAP: 

XlHL 

iCHANGE   ORDER  OF    STACK   H   AND  L   LAST    OUT 

000071 

isa 

PUSH   0 

■FORTH  OUT 

000072 

30S 

Push  b 

.THIRD  OUT 

000073 

365 

Push            PSw 

;SECONO  OUT 

00007>- 

345 

PUSH   H 

;F|RST   OUT     IS    THE    ADR   WHENCE   w£    CAME 

000075 

076    324 

MVI     A. 3240 

SEND   A    T 

;IME    stack  MAY   BE 

DUMPED   By   HITTING   A  CIRL-C    TO  GET    THE   FOLLOWING 

SP«!      SP  a  F   B 

C   0  E  h  l 

000077 

367 

ERR: 

R5T   5NO 

00CI00 

315    370   000 

CALL   CRLF 

000103 

257 

BEGINr 

XRA     A 

;CLEAR    THE    AC 

000104 

026   004 

BEG: 

MVI      D.4 

000 106 

IP 

SAV: 

MOV    C.A 

000107 

315   333    000 

NEXTC: 

CALL    READ 

000118 

no 

MOV    A .B 

0001 13 

386  270 

SUI    2700 

:!S    IT    A  NUMBER 

0001 15 

362  224    000 

JP       TERM 

;?70  MUST    BE    TERMINATOR   OR    ILLEGAL    DIGIT 

000180 

170 

MOV   A. a 

000181 

326   260 

SUI    2600 

000183 

378   884    000 

JM       TERM 

;YES 

000186 

025 

OCR  D 

. >26o  must  BE  digit  bump  buffer  cnt 

000187 

318   OCO    000 

JZ      ERROR 

;9UFFER   OVERFLOW 

000132 

107 

MOV   B.A 

000133 

171 

MOV    A.C 

iGET    PREVIOUS    INPUTS 

000134 

027 

HAL 

000135 

037 

RAL 

000136 

027 

RAL 

000137 

332    000    000 

JC      ERROR 

; [F    CARRY   NUMBER   WAS    TOO  BIG 

000148 

200 

ADO  B 

00OIH3 

303    106   000 

JMP    SAV 

000146 

151 

SLASH; 

MOV   L.C 

;C    CONTAINS    AOORESS 

000147 

176 

GETCON 

MOV    A.M 

.GET    CONTENTS 

000150 

315    301    000 

CALL   OCTALP 

000153 

076   840 

MVI    A. 2400 

000155 

367 

RST    SND 

000156 

303    103    000 

JMP  BEGIN 

000161 

17? 

LF: 

MOV   A.D 

000168 

386   004 

SUI     4 

000164 

312   no   000 

JZ       NINP 

:IF    CNT    STILL    H    NO    INPUT    WAS   RECEIVED 

000167 

161 

MOV  M.C 

:IF  CNT   <*  DEPOSIT   OnPut    in  memory 

ooo  no 

076   815 

NINP; 

MVI    A.215Q 

000172 

367 

RST    SNO 

000173 

iHW 

INR  L 

iBUMP   ADDRESS 

000174 

174 

MOV    A.H 

:GET   HI    PART 

000175 

315   301    000 

CALL   OCTALP 

;TYPE    HI    ADDRESS 

000800 

175 

MOV    A.L 

;GET    LOW  PART 

000801 

315    301    000 

CALL    OCTALP 

;TYP£   LOW  ORDER   ADDRESS 

000804 

303    147    000 

JMP  GETCON 

000807 

315    370    000 

CR: 

CALL    CRLF 

;S£NO    A    CRLF 

000218 

172 

MOV    A.O 

000213 

386   004 

SUI     4 

iBUfCNT     -4     7 

000215 

31?    103   000 

JZ      BEGIN 

;YES   NO    INPUT    SINCE    LAST    TERMINATOR 

000220 

161 

MOV   M.C 

;LOAO   MEMORY    WITH    INPUT 

000221 

303    103   000 

JMP   BEGIN 

;ERF 

000224 

170 

IERM: 

MOV    A.B 

000225 

376  212 

CPI    2120 

:  IS    IT    A   LF 

000287 

312    161    000 

JZ      Lf 

00083? 

376  215 

CPI    8150 

■18    IT    RETURN 

000234 

312   807    000 

JZ     CR 

000837 

376    388 

CPI    3280 

;R 

00024  I 

312   000    002 

JZ    100CO 

.START    READER   PROGRAM 

000244 

376   857 

CPI    257Q 

000246 

3)2    146   000 

JZ      SLASH 

000851 

376    307 

CPI    3070 

000253 

312   063   000 

JZ      GO 

.G 

000256 

376   256 

CPI    8560 

;PERICO 

000260 

312   054    000 

JZ      PER 

000263 

376   203 

CPI    2030 

000265 

31?   357    000 

JZ      CTRLC 

1  CONTROL    C 

000870 

376  383 

CPI    3230 

:S 

000272 

308   000   000 

JN2    ERROR 

; FOUND   AN  ERROR 

000875 

141 

BETXj 

MOV   H.C 

iSAME   HI    ADDRESS 

000876 

303    ICO  000 

JMP   ERR'I 

000301 

006   004 

OCTALP 

MVI    B.4 

;SET    CNTR 

000303 

007 

RLC 
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computer 
enterprise/ 


Your  Mail  Order  Computer  Shop... 

IMSAI 8080  kit  with  22  slots  (limited  quantity)    $599.00 

TDL  Z-80  ZPU  (the  one  with  full  software  available  now)  242.00 

Edge  Connectorsand  guides  for  IMSAI  each 4.25 

EdgeConnectorsandguidesforlMSAHOfor    40.00 

Seals8kRAMkitwith500nschips    225.00 

Seals  8k  RAM  kit  with  250  ns  chips    260.00 

NorthStarcompleteMicro-DiskSystemkit   599.00 


WETAKE 

MASTER  CHARGE  OR  BANKAMERICARD 

Forphoneand  mail  orders... 

(Add  4%  of  TOTAL  ORDER  for  service  charge) 


TERMS:  Shipping  charges  —  $10.  per  CPU  or  large  units,  $1 .50  per  kit, 

$2.  minimum  per  order. 
Provided  stock  is  available,  we  will  ship  immediately  for  payment  by 
cashiers  check  or  money  order. 

Allow  3  weeks  for  personal  checks  to  clear.  New  York  State  residents 
add  appropriate  sales  tax. 

PRICES  SUBJECTTO  CHANGE  WITHOUT  NOTICE. 

Forthebestpricesavailableon: 

IMSAI      •     TDL     •      NORTH  STAR     •      POLYMORPHIC 
NATIONAL  MULTIPLEX     •     SEALS  ELECTRONICS 

CALL:  (315)637-6208 

WRITE:   P.O.  Box  71  •  Fayetteville,  N.Y.  13066 


CIRCLE  INQUIRY  NO.  77 


TAKE  ADVANTAGE  OF  US! 

DON'T  DUMP  YOUR  MONEY  INTO  THE  MAILBOX- 
THEN  SIT  AROUND  AND  WAIT!! 

DON'T  BUY  FROM  WANDERING  MERCHANTS 

WHO  WONT  BE  THERE  WHEN  YOU  NEED  THEM!! 

A  COMPUTER  MART  IS  A  PLACE  WHERE  THEY  CARE 
ABOUT  YOU  -  AND  YOUR  COMPUTER  EQUIPMENT. 

WE  SELL  THE  BEST  LINES,  AT  REASONABLE  PRICES. 
THAT'S  HOW  WE  MAKE  OUR  LIVING. 

WE  HELP  YOU  GET  YOUR  SYSTEM  UP  AND  RUNNING. 
WE  WILL  BE  HERE  TOMORROW 
AND  THE  NEXT  DAY! 

LEASING  ARRANGEMENTS  NOW  AVAILABLE. 

THE  COMPUTER  MART 


NEW  YORK 

314  Fifth  Avenue, 

New  York,  N.Y.  10001 

(212)279-1048 

Between  32nd  and  31st 

Two  blocks  from  the 

Empire  State  Building 
Closed  Monday 
IMSAI,  PROCESSOR  TECHNOLOGY,  SOUTHWEST 
TECHNICAL  PRODUCTS,  OSI,  SEALS  ELECTRONICS, 
DIGITAL  GROUP,  APPLE  COMPUTERS,  TARBELL,  OLIVER, 
CROMEMCO,  TDL,  CONTINENTAL  SPECIALITIES,  VECTOR, 
GBC  VIDEO  MONITORS,  BOOKS,  MAGAZINES,  CHIPS, 
SOCKETS,  CONNECTORS.  .  .  AND  ALL  THAT  GOOD  STUFF. 


LONG  ISLAND 

2072  Front  Street 
East  Meadow,  LI., 
New  York, 11554 
(516)794-0510 
Near  Hempstead 
Turnpike 


000304 

007 

RLC 

000305 

137 

MOV 

E.A 

:SAVE  AC 

000306 

076 

?40 

HV1 

A.?40Q 

;SEND  A  SPACE 

000310 

367 

RST 

SNO 

000311 

173 

MOV 

A.E 

;CET  THE  AC 

00031? 

346 

003 

AMI 

3 

;HASK 

O00314 

005 

DECR: 

OCR 

B 

;OECR 

000315 

310 

RZ 

;OONE  7 

000316 

306 

560 

AOI 

250C 

;NO 

000330 

3G7 

RST 

SNO 

S£N( 

A  CHARAACTER 

000381 

173 

MOV 

A.E 

iCET  AC 

00032? 

007 

RLC 

000323 

007 

RLC 

0003?4 

007 

RLC 

000325 

137 

MOV 

E.A 

(SAVE  AC 

000336 

346 

007 

AN| 

7 

iHASK 

000330 

303 

314  000 

JMP 

OECR 

000333 

333 

003 

READt 

IN  FLAG 

;ROUT|NE  TO  READ  ONE  CHAR  f 

000335 

037 

RAR 

000335 

32? 

333  000 

JNC 

RE  A3 

000341 

333 

002 

IN 

TV 

000343 

107 

MOV 

B.A 

000344 

3?3 

00? 

SEN; 

OUT 

TTr 

;R0UT1NE  TO  OUTPUT  AN  *SC 1 

000346 

333 

003 

SENI: 

IN  FLAG 

000350 

037 

RAR 

000351 

037 

RAR 

000352 

170 

MOV 

A.B 

;RESTORE  A  REG  FROM  R£AD 

000353 

330 

RC 

; DONE  7 

00D354 

303 

340  000 

JMP 

SEN! 

.NO 

000357 

341 

CTRLX: 

POP 

H 

000350 

174 

MOV 

A.H 

000361 

315 

301  000 

CALL  OCT ALP 

000364 

175 

MOV 

A.L 

000365 

303 

150  000 

JMP 

GETCON 

I 

000370 

076 

215 

CRLF; 

MVI 

A,?I5Q 

SEND  A  CRLF 

00037? 

367 

RST 

SNO 

000373 

076 

212 

MVI 

A.2I?0 

000375 

303 

344  000 

JMP 

END 

SEN 

RETURN  VIA  SEND 

NO  PROGRAM 

ERRORS 

SYMBOL  TABLE 

*      000007 

B 

000000 

BEG 

000 

04 

BEGIN   000103 

C      OOOOOI 

Cfi 

000207 

CRLF 

000370 

CTRLC   000357 

o    ooot>o2 

OECR 

000311 

E 

000003 

ERR    000077 

ERROR  000000 

FLAG 

000003 

GETCO 

000 

47 

GO     000063 

H      000004 

L 

000005 

LF 

000 

61 

M      000006 

NEXTC   00C 

07 

NINP 

000170 

OCTAL 

000301 

PER    000054 

PSM    000006 

READ 

000333 

SAV 

000 

06 

SEN    000344 

SEN!    000346 

SEND 

000060 

SETX 

000 

75 

SLASH  000146 

SND    000005 

SP 

000006 

TERM 

00022-- 

TRAP    000070  • 

TTY    000002 

Development  Software 

•  8080  DISASSEMBLER 

Two  Pass;  Converts  machine  language 
code  to  assembly  code.  Uncovers  ASCII 
tables.  Generates  up  to  12K  labels. 
Prints  out  symbol  table.  Address  offset 
print  output. 


Development  Software 

$  8080  DISASSEMBLER 

•  Two  Pass 

•  Converts  machine  language  code  to 
assembly  code 

•  Uncovers  ASCII  tables 

•  Generates  up  to  12K  labels 

•  Prints  out  symbol  table 

•  Address  offset  print  output 

•  Object  code  in  Intel's  punched  paper 
tape  format  @  30.00  +  1 .50  Calif,  sales 
tax  +  2.00  postage.  Manual  @  5.00  + 
.30  Calif,  sales  tax  +  1.50  postage. 

$    EPS-1  SOFTWARE  DEVELOPMENT 
OPERATING  SYSTEM 

Powerful  8080  Assembler-Monitor-Text 
Editor 

$30.00  +  1.80  Calif,  sales  tax  +  1.50 
postage  and  handling  (includes  manual). 

DEALER  INQUIRIES  INVITED 

Call  or  Write 

Microcomputer  Software  Depository 

2631  E.  Foothill  Boulevard 
Pasadena,  California  91107 

(213)449-0616    


CIRCLE  INQUIRY  NO.  78 
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AMI'S  Re-entrant  self-relative 
Subroutine  ROM:  (RSRSRS)  =  (RS)3 


Edited  by  Robert  A.  Stevens 


FOREWORD 

This  software  article  is  the  last  of  a  four- 
part  series  on  the  EVK  6800  microcomputer  hard- 
ware, firmware  and  supporting  software.  This 
month's  article  covers  the  EVK  re-entrant  self- 
relative  subroutine  program  library  software  resi- 
dent in  ROM. 

INTRODUCTION 

The  cost  of  microprocessor  software  develop- 
ment involves  many  small  items:  the  cost  of 
assembly  time,  storage  time,  transmission  time, 
loading  time,  design,  development,  documentation 
and  debug.  The  cost  of  many  of  these  items 
continues  to  accumulate  even  though  a  sub- 
routine library  exists  for  common  functions,  in 
particular  the  time  and  cost  of  transmission, 
loading  and  ROM  pattern  generation. 

The  purpose  of  Re-entrant  Self-Relative  Sub- 
routine ROMs  (RS)3  is  to  give  the  user  a  hard- 
ware subroutine  package  which  exists  in  the  bread- 
board design  from  the  beginning.  The  programs 
are  documented,  debugged  and  constitute  some  of 
the  most  commonly  performed  subroutines  that 
assembly  language  programmers  generate. 

CONCEPTS 

The  (RS)3  uses  a  number  of  concepts  to  allow 
flexibility  in  the  user  environment.  The  first  concept 
is  self-relative  programming.  This  simply  means 
that  the  program  will  function  correctly  regard- 
less of  where  it  is  located  in  memory.  The  user 
will  need  to  know  where  it  is  located  so  he 
can  reference  it.  However,  this  actual  location 
will  only  have  to  be  recorded  once.  The  self- 
relative  program  uses  relative  address  instructions 
for  program  control  and  the  index  and  stack 
pointer  instructions  for  data  manipulation. 

The  stack  is  used  for  temporary  storage  of  data 
to  prevent  (RS)3  from  being  tied  to  fixed  addresses. 
This  allows  the  program  to  be  re-entrant;  i.e.  the 
program  can  be  called  at  different  times  without 
completing  the  previous  call.  This  means  that  the 
same  routine  can  be  called  by  the  interrupt  proces- 
sor as  well  as  by  the  program  which  was  inter- 
rupted. The  concept  of  re-entrant  code  is  not  to  be 
confused  with  recursive  code;  even  through  recur- 
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sive  coding  could  have  been  used  in  the  subroutine 
package,  it  is  not. 

The  subroutine  calling  mechanism  uses  the  SWI 
instruction  followed  by  a  single  byte  index  for  the 
particular  subroutine  invoked.  This  was  chosen 
because  the  SWI  from  an  internal  programming 
viewpoint  is  the  most  convenient  and  the  safest.  It 
is  safe  because  an  error  in  a  ROM  can  be  cor- 
rected by  replacing  the  subroutine  ROM  without 
altering  any  other  user  ROM.  If  direct  addresses  to 
subroutine  code  exist  in  the  user's  domain,  his 
ROMs  would  change  if  the  location  of  the  routine 
in  the  (RS)3  changed. 

IMPLEMENTATION 

The  user  places  the  base  address  of  the  (RS)3  into 
the  SWI  vector  address.  Each  SWI  instruction  re- 
quires an  index  byte  to  follow  the  SWI  instruction 
where  the  index  indicates  the  function  to  be  exe- 
cuted. After  the  function  is  performed,  the  user 
program  will  continue  with  the  instruction  follow- 
ing the  index  byte.  In  essence,  a  whole  new  set  of 
instructions  have  been  created  for  the  user  which 
are  two  bytes  long. 

To  make  the  entry  easier,  a  macro  call  can  be 
provided  which  will  assemble  the  correct  index  byte 
when  the  function  name  is  used.  A  set  of  EQU 
assembler  commands  associates  the  name  and  the 
index  byte  value. 


Example: 


MUL8 

EQU 

10 

MUL16 

EQU 

11 

DIV8 

EQU 

12 

DIV16 

EQU 

13 

FUN     I 

VIACRO 
SWI 

INDEX 

BYTE 

INDEX 

MEND 

FUN 

MUL8 
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Each  (RS)3  ROM  will  have  the  ability  to  interro- 
gate the  index  byte  and  vector  to  the  appropriate 
subroutine  if  it  is  included  in  the  ROM.  If  the 
index  extends  the  number  of  subroutines  included 
on  the  ROM,  the  number  is  subtracted  from  the 
temporary  index  value  and  the  next  (RS)3  ROM  is 
automatically  branched  to.  This  allows  the  user  to  01 
select  any  of  several  subroutine  sets,  where  each  set 
of  subroutines  is  represented  by  a  separate  ROM. 
The  selected  ROMs  are  concatenated  together  into 
a  contiguous  region  of  the  user's  memory  space, 
and  are  automatically  linked  together  by  the  index 
value.  Thus  the  actual  value  of  the  index  byte  for 
any  particular  subroutine  is  the  sum  of  the  total  rj2 
number  of  subroutines  in  the  physically  previous 
(RS)3  ROMs  plus  the  offset  in  its  own  ROM. 
It  must  be  noted  that  address  assignments  for 
(RS)3  ROMs  must  be  made  beginning  at  1K  boundary 
addresses 

The  2K  X  8  ROM  provided  with  the  PROTO  pro- 
totyping system  includes  a  set  of  (RS)3  subrou- 
tines with  a  slightly  different  linkage  from  the 
standard  (RS)3  form,  although  the  calling  sequence 
is  the  same.  In  particular,  the  provision  for  addi- 
tional subroutines  in  the  form  of  other  (RS)3 
ROMs  is  limited  to  a  total  of  127  subroutines.  The 
first  additional  (RS)3  ROM  address  must  be  placed 
in  RAM  location  FFF4  (which  can  be  set  via  the 
Set  Memory  command  or  modified  by  an  initializa- 
tion code  in  a  user  program).  Also,  since  it  is  incor- 
porated into  a  larger  program,  the  whole  of  which 
nearly  fills  the  2K  bytes  of  the  ROM,  the  (RS)3 
part  of  the  ROM  does  not  start  on  an  even 
page  boundary,  making  it  awkward  for  isolated 
use.  However,  the  24  subroutines  included  in  this 
ROM  are  available  to  user  program  calls  with  the 
SWI  calling  sequence,  as  described.  05 


Codes,  the  B  and  A  accumulators,  and 
the  Index  Register.  No  registers  are 
altered  (except  the.  Stack  Pointer, 
which  is  decremented  by  5). 

POPALL    Pop(=  Pull)  All  Registers 

Five  bytes  are  pulled  from  the  stack 
into  the  Condition  Codes,  the  B  and  A 
accumulators,  and  the  Index  Register, 
respectively.  The  Stack  Pointer  is 
incremented  by  5. 


TXAB 


03 


TABX 


04 


Transfer 
A  and  B 


Index    Register   to 


The  most  significant  eight  bits  of  the 
Index  Register  are  copied  to  the  A 
accumulator,  and  the  least  significant 
eight  bits  are  copied  to  the  B  accumu- 
lator. 

Transfer  A  and  B  to  Index 

Accumulator  A  is  copied  to  the  most 
significant  byte  position  of  the  Index 
Register,  and  accumulator  B  is  copied 
to  the  least  significant  byte  position 
of  the  Index  Register. 


XABX         Exchange  A  and  B  with  Index 

The  contents  of  the  Index  Register 
and  the  two  accumulators  are  ex- 
changed, A  with  the  most  significant 
byte  of  X,  B  with  the  least  significant 
byte. 

PUSHX      Push  Index  Register 


(RS)3  SUBROUTINES 

The  ROM  Subroutine  Library  (RS)3  operates  on 
a  single  SWI  (3F)  command  and  a  second  byte 
of  offset  giving  the  S6800  an  additional  set  of 
two-byte  instructions. 

Each  of  the  subroutines  in  the  ROM  are  de- 
scribed, giving  the  index  for  the  call,  a  mnemonic 
subroutine  name,  and  a  descriptive  title.  A  brief 
description  of  the  subroutine  operation  is  also 
given. 

SUBROUTINE 
INDEX  NUMBER 

MNEMONIC 

NAME 

FUNCTIONAL  TITLE 

AND  DESCRIPTION 

I 
00        PUSHALL      Push  All  Registers 

Five  bytes  are  pushed  onto  the  stack, 
containing,  respectively,  the  Condition 


The  contents  of  the  Index  Register  is 
pushed  onto  tlje  stack.  The  Stack 
Pointer  is  decremented  by  two. 

06  PULLX       Pop   (=  Pull)    Index    Register 

from  stack 

Two  bytes  are  pulled  from  the  stack 
into  the  Index  Register,  and  the  Stack 
Pointer  is  incremented  by  two. 

07  ADDXAB    Add  Index  to  A  and  B 

Add  the  contents  of  the  Index  Register 
to  the  two  accumulators,  as  a  16- 
bit  sum,  leaving  the  result  in  the 
two  accumulators.  The  most  significant 
byte  is  assumed  to  be  in  accumulator 
A.  The  condition  codes  are  set  ac- 
cording to  the  result. 


Condition 
Codes: 


H  =  carry  from  bit  11  to 

bit  12  of  sum 
N  =  bit  15  of  sum 
Z=  1  if  sum  is  zero; 

else  =  0 
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Advanced  Microcomputer  Products  Presents 

BL^f    J    Prototype   Design   Equipment  Mff ^jsr^'r^sfj"^' xssrsa 
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ii     ii     I     1:1       1 

H     is    B    alii     B 


- ■ II. 1! — 


3BI 


Microprocttioi  Prototyping  ^^ 

NEW  SOCKETS  &  BUS  STRIPS 

E.,».m.n».60Q  S10.95 


RAM  BOARD  5198.00 


JQMPUTER 

1*^lQ  BUILD  VOUR  OWN 

^H  COMPLETE 

■   *"-*  COMPUTER  SYSTEM 

H.*tf  AMI  EVK  99  6800  BASED 
^        MICROCOMPUTER 


AMI  S6800 

AM2901 

GICPI6O0 


AMJIOt.PI. 
.VV390/.T 
AM;909PC 


AM29/21PC 


*    MICROPROCESSOR  PRODUCTS 


«;;■■■■.'-■ 
S1BS3 
S68M  1 


1200       9555 


9  95      MMS00H 


SPECIAL 
BUY  10  OF  THE  FOLLOWING 
AND  YOUR  PRICE  IS.  -  . 

AMDS080A  S19  9S 

AMD  9111 4.10 

AMD9112 2.30 

RF  MODULATOR  MODULE 

<ju  102!  Cham  an  vhf  '.■■.-...■■  S8.9! 

•  OCSwonaPt     •  K  CtwiM  rnoduialan -nput  miti 

vswn  •  2  am       po«M  nnto  thwuwUdt 


*     NEW  PRODUCTS 


I C  MARKET  PLACE 


F4702  Baud  Rale  Gen. 

8214  Priority  Int 

Z60CPU 

ZB0  3881  PIC 

Z80  3882  CPC 
PD  372  Floppy  Controller 
PD  371  Mag.  Tape  Coniroller 

APP  Notej  fo»  37!  Floppy 

Gl  AY5  3550  4^  Digit  DVM 

Gl  AY5  3600  Keyboard  Encod 

Intern)  8038CC  Wave  Gen. 

AY3507DVMChip 

P.03  2513  Uppercase 

R03  2513Lowercaie 

TMS4060NL  24K  RAM 

MK4096  4K  RAM 

1G02BUART 

1883  UART 

AY51013A  UART 

5101C-E  IK  CMOS  RAM 

WD  16718  Aittot 

WD  1941  Dual  Baud  Gen 

WO  1771  Floppy  Due  Com. 

6330-1  256  Bit  OC  Prom 

6331  1  256  Bil  TS  Prom 

6300-1  IK  OC  Prom 

6301-1  IK  TS  Prom 

6305  1  2K  OC  Prom 

6306  1  2K  TSProm 
6340-1  4K  OC  Prom 
6341-1  4K  TSProm 
6352  1  4K  OC  Prom 
6353-1  4K  TSProm 


15.95 

11.95 
49.95 
9.95 

9% 
65.00 
49.95 

6.9S 
29.95 
14.95 

3.50 
12.95 

9.95 
10.95 

3.95 
3.95 
5.50 
6.50 
5.50 
6.95 
29.95 
9.95 
74.95 
2.95 
2.95 
3J50 
3.50 
9.95 
9.95 
18.95 
18.95 
18.95 
1B.95 


only  $99.50 
•i  Apphc. 
inly  S7.95 


Send  for  complete  detail!  I 


Intel  MCS8  Uwri  Mam. 
Intel  MCS4  Uteri  Mam. 
Raytheon  Linear  Catali 
Raytheon  Quadi  &  Du, 


5.00 
5.00 
2.95 


ALTAIR  /IMSAI  COMPATIBLE 
8K  MEMORY 

21L02  1  memory  ch.pt  I500nil  and  K>cke(l 


6800 

STARTER  SET 


8080A 
STARTER  SET 


All  shipments  first  class  or  UPS  ifl  U.S.  or  add  5ft 

tor  shipping  and  handling.    Minimum  order  5  10  CO 
California  Residents  add  6%  tax.    Foreign  add  8V 


iPUTER 


P.  O.  BOX  17329  »* 

IRVINE.  CALIFORNIA  92713         0BOtBvo 
PHONE  [714>  968  3655 


00 

o 

SO 

Pi 

I 

o 

V 

> 

* 


WIREWRAP  SOCKETS  -  GOLD 

14  Pin  WW  1  level           .30 

14  Pin  WW  2  level            .33 

14  Pin  WW  3  level            .37 

16  Pin  WW  1  level            .31 

16  Pin  WW  2  level            .34 

16  Pin  WW  3  level            .38 

18  Pin  WW  3  level            .60 

24  Pin  WW  1  level             .70 

24  Pin  WW  2  level            .75 

24  Pin  WW  3  level            .85 

40  Pin  WW  3  level          1.25 

EDGE  CARD  CONNECTORS 

IMSAI  S100  WW  .250"  Row  Spacing    .     .     .     . 

$5.00 

1MSA1  S100  ST  .250"  Row  Spacing      .... 

5.00 

AltairSlOO  WW  Wire  Wrap 

5.50 

Altair  S100ST  Soldertail 

5.25 

D-SUBMIN  CONNECTORS 

RS-23225  Pin  Male  Part  No.  DB25P      .... 

S3.50 

RS-23225  Pin  Female  Pari  No.  DB25S  .... 

3.95 

RS-232  Plastic  Hood  for  above 

75 

CRYSTALS 

Microp 
TV  Garr 

ocesiors  Timebases 
es  Precision  Crystals 

Frequency 

Case 

Price 

Frequency 

Case 

Price 

1.000  MHz 

HC6/HC33 

4.95 

13.000  MHz 

HC18 

4.95 

2.000  MHz 

HC6/HC33 

5.85 

14.31818  MHz 

HC18 

4.95 

2.097162MH 

HC6 

G.95 

18.000  MHz 

HC1S 

4.95 

4.000  MH7 

HC18 

4.95 

20.000  MHz 

HC18 

4.95 

5.000  MHz 

HC18 

4.95 

32.000  MHz 

HC18 

4.95 

6.000  MHz 

HC18 

4.95 

lOOKc 

HC13 

12.95 

10.000  MHz 

HC1B 

4.95 

3579.45  Kc 
2.4576  MHz 

HC18 

4.95 
5.95 

^Exar 


XH7Z40CP        P>o». 


E  LOCKED  LOOPS* 


*STEREO  DECODERS* 


XRM1ICP 
XR567CP 
XR7S56JCP 


*  FUNCTION  GENERATORS  * 


*  OPERATIONAL  AMPLIFIERS* 


2708  PRIME 


only  $49.95 


Build  Your  Own  MONITOR 

Now  in  Stock  -  NEW 
M3000  - 100  12-inch  display  module  $229.00 

M2000  -  155  9-inch  display  module  $208.00 

'Add  S10.00  Shipping 


MOTOROLA  Exorciser,  MEK6800DI 
and  MEK6SO0D2  Compatible  Modules 

9601  16  Slot  mother  board  -  Inc.  Conn.  $175.00 

9602  16  Slot  card  cage  19"  rack  mount  $  72.00 
9610  Utility  Prototyping  Board  S  36.00 
9615  4K  Eprom  Module  I1702A)  $350.00 
9620  Parallel  I/O  Module  $375.00 
9626  8K  Static  Ram  Module  $350.00 
9650  8  Channel  Duplex  Ansyn  I/O  $390.00 

All  assembled  and  tested.  Not  Kits 
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ADDABX 


09 


ADDAX 


0A 


ADDBX 


OB 


SUBXAB 


0C 


SUBABX 


0D 


SUB  AX 


V=  1  if  two's  comple- 
ment overflow 

C  =  carry  out  of  bit  15 
of  sum 

Add  A  and  B  to  Index  Register 

Add  the  contents  of  the  two  accum- 
ulators to  the  Index  Register,  leaving 
the  16-bit  sum  in  the  Index  Register. 
Accumulator  A  is  assumed  to  be  more 
significant  than  accumulator  B.  The 
condition  codes  are  set  according  to 
the  result. 

Condition  H  =  carry  from  bit  11  to 
Codes:  bit  12  of  sum 

N  =  bit  15of  sum 
Z=  1  if  sum  is  zero,  =  0 

otherwise 
V=  1  if  two's  comple- 
ment overflow 
C=  carry  out  of  bit  15 
of  sum 

Add  A  to  Index  Register 

Add  the  A  accumulator  to  the  con- 
tents of  the  Index  Register,  and  return 
the  sum  to  the  Index  Register.  The 
Condition  Codes  are  set  according  to 
the  result. 

Condition 

Codes:       (Same  as  ADDABX) 

Add  B  to  Index  Register 

Add  the  contents  of  the  B  accumu- 
lator to  the  Index  Register,  and  leave 
the  sum  in  the  Index  Register.  The 
Condition  Codes  are  set  according 
to  the  result. 

Condition 

Codes:       (Same  as  ADDABX) 

Subtract  Index  from  A,  B 

Subtract  the  contents  of  the  Index 
Register  from  accumulators  A  and  B 
as  a  16-bit  difference.  The  Condition 
Codes  are  set  according  to  the  result. 
Condition 
Codes:        H  =  undefined 

N  =  bit  14  of  difference 
Z=  1  if  result  is  zero, 

=  0  otherwise 
V  =  1  if  two's  comple- 
ment overflow 
C=  borrow  into  bit  15 
of  difference 

Subtract  A  and  B  from  Index 
Register 

Subtract  the  contents  of  the  A  and  B 
accumulators  from  the  Index  Register, 
leaving  the  difference  in  the  Index. 
The  Condition  Codes  are  set  according 
to  the  result. 

Condition 

Codes:       (Same  as  SUBXAB) 

Subtract  A  from  Index  Register 

Subtract  the  contents  of  the  A  ac- 
cumulator from  the  contents  of  the 
Index  Register  and  return  the  differ- 
ence to  the  Index  Register.  The  Condi- 
tion Codes  are  set  according  to  the 
result. 

Condition 

Codes:       (Same  as  SUBXAB) 


0E 


OF 


SUBBX      Subtract  B  from  Index  Register 

Subtract  the  contents  of  the  B  ac- 
cumulator from  the  Index  Register, 
leaving  the  difference  in  the  Index 
Register.  The  Condition  Codes  are 
set  according  to  the  result. 

Condition 

Codes:       (Same  as  SUBXAB) 

P2HEX       Print  Byte  in  Hex 

The  byte  pointed  to  be  the  address  in 
the  Index  Register  is  converted  to 
hexadecimal  notation  in  ASCII,  and 
output  to  the  ACIA  located  as  follows: 
Memory  locations  FFF6— FFF7  contain 
an  address  of  a  pair  of  bytes  (in- 
direct pointer)  which  in  turn  contain 
the  address  of  the  ACIA  Status 
register. 

FFF7  iL 

FFF6  iH 


10 


P4HEX 


11 


PRINTA 


12 


PMSG 


13 


VALAN 


i  +  1 

i 


aL 
aH 


a+1  ACIA  Data 

a  ACIA  Status 

Each  byte  of  the  output  is  stored 
into  the  ACIA  Data  Register  after 
bit  1  of  the  Status  Register  is  true. 
The  Control  Register  of  the  ACIA  is 
not  altered,  and  the  Data  Register  is 
not  read  by  this  routine.  The  Index 
Register  is  incremented  past  the  byte 
which  is  output. 

Print  Address  in  Hex 

The  two  bytes  in  memory  pointed  to 
by  the  Index  Register  are  converted 
to  four  ASCII  digits  and  output  to 
the  ACIA  located  at  the  address  pointed 
to  by  the  pointer  pointed  to  by  the 
byte  pair  at  FFF6— FFF7  (see  P2HEX). 
The  Index  Register  is  incremented 
by  two. 

Print  the  Byte  in  A 

The  byte  in  accumulator  A  is  output 
to  the  ACIA,  the  address  of  whose 
address  is  the  locations  FFF6— FFF7. 
No  registers  are  altered  except  the 
ACIA  Data  Register. 

Print  Message  String 

A  message  string,  the  first  byte  of 
which  is  pointed  to  by  the  Index 
Register,  is  output  to  the  ACIA,  the 
address  of  whose  address  is  in  lo- 
cations FFF6— FFF7.  The  string  is 
terminated  by  an  ASCII  EXT  (=  hex  04), 
and  the  Index  Register  is  left  pointing 
to  that  byte  on  return. 

Validate  AlphaNumeric 

The  character  pointed  to  by  the  Index 
Register  is  analyzed,  and  the  Carry 
flag  is  set  if  it  is  a  letter  or  digit; 
if  it  is  not  a  hexadecimal  digit,  the 
Overflow  flag  is  set.  Other  than  the 
condition  codes,  no  registers  are 
altered. 


Exit:Conditlon 
Codes: 


H  =  undefined 
N  =  undefined 
Z=  0 
V  =  0  if  character  in 

range  0—9,  A — F; 

else=  1 
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C=  1  if  character  in 
range  0—9,  A— Z; 
else  =  0 

14  INPUTA      Input  ACIA  byte  to  A 

One  byte  is  input  from  the  ACIA, 
the  address  of  whose  address  is  at 
location  FFF6— FFF7,  and  this  byte 
is  returned  to  accumulator  A.  The  ACIA 
is  not  written  to,  and  except  for  the 
A  accumulator,  no  registers  are 
changed.  (RS)3  samples  bit  0  of  the 
status  register  of  the  ACIA,  and  when 
it  goes  to  one,  reads  the  Data  Register. 
The  input  byte  has  bit  7  removed 
(set  to  zero). 

15  CONHB     Convert  Hex  String  to  Binary 

A  string  of  characters  in  memory 
beginning  at  the  address  in  the  Index 
Register  is  scanned  for  valid  Hexa- 
decimal digits;  when  one  is  found, 
it  and  all  immediately  following  hex 
digits  are  converted  to  a  binary  number, 
which  is  left  in  the  A  and  B  accumu- 
lators (A  is  more  significant).  When 
this  routine  is  called,  the  maximum 
length  of  the  string  is  in  the  B 
accumulator.  On  exit,  the  Carry  flag 
is  set  to  one  if  the  conversion  resulted 
in  a  valid  binary  number,  and  the 
Index  Register  is  left  pointing  to  the 
next  character  in  the  string,  or  if 
the  string  is  exhausted  before  finding 
any  hex  digits,  to  the  last  character 
of  the  string.  Max  string  length  in 
Bis(<  128). 

Condition 

Codes:  H  =  undefined 
N  =undefined 
Z=  undefined 
V=  undefined 
C=  1  if  valid  number; 
=  0  if  not 

16  INDEX        Multiply  AX  Band  Add  to  Index 

The  contents  of  the  A  accumulator 
is  multiplied  by  the  contents  of  the 
B  accumulator,  and  the  product  is 
added  to  the  Index  Register.  The 
Condition  Codes  are  set  according  to 
the  Result. 

Condition 

Codes:       (Same  as  ADDABX) 

17  MUL8         Multiply  A  Times  B 

Multiply  the  contents  of  the  A  ac- 
cumulator times  the  content  of  the 
B  accumulator,  and  leave  the  product 
in  both  accumulators  as  a  16-bit 
number,  with  the  most  significant 
part  in  A.  This  is  an  unsigned 
multiply,  and  if  either  or  both  of  the 
factors  is  negative  (two's  complement 
signed)  the  product  will  not  be  a  true 
signed  product  of  the  signed  factors, 
as  may  be  seen  in  this  formula: 

(-n)X(m)  =  (256-n)Xm  =  256m  +  (-nm) 
The  condition  codes  are  nonetheless 
set  according  to  the  result. 

Condition 

Codes:        H=  undefined 

N  =bit  15  of  product 

V=0 

Z=  1  if  product  is  zero; 
otherwise=  D 

C=0 


RS3  ASSEMBLY  PROGRAM  LISTING 


SELf     KfcLMlrt     SUHROUUtt    HO* 


SR5R    —    UtEIIRAiI    SELF    xtLMIvt    SUoRUuIlNE    RU* 

FOT   USE   »li«  protu 


•   vLKMu'4  i,v       ui/oa/io 

LuHlKltinl     IWo    HI     AMEKILAN    *IC  WUSfSI  t«S     1 1C 


..II  t' 


l^bt"    UK     RUUllNtS 


■>ttl.Jl  iLL  LUC 


*•>(.£       to    Uu 


IS* 
tl.Mt     SUI 

Sf>    lltu    I 

UF     IVItSPUPI     AT     riME    JF    LALL 

u» 

S,X                                      X     HAS     IN0t«     AUORESS 

LU»     □ 
A5L    0 

u,«                          lm0t»      mu     a 

DUUBLt 

ill       "AS 

IaO     1 l«tS     IfJOfcA 

vttTUR    UF 

SUtMJOUIIHE      ADDRESSES      is    AC      <>\i      , 

HU"    BASE 

HU"*    "t*t 
HSR 

tuu 

D    vECFU*      IS      M£    -   .i«E«E    «iE    A*E 

LUCUV 

•                                      STACK     "AS    nnERE    ME    ARE 

.b  nlLL 
ADD  a 
AUL    A 

DO       VECIU 

'AVE              Hi)tt     *i     *    LULAIIDh(  JA] 
OFFSET 

«UD    □ 

■  (LUCvAti'tfUFFl     LO*    ORDER       EIC«[    B]!S 
■(LOCv/»'100)    «IG«    ORDER    tICMT    BUS 

,b       WH    M 

S       ADDRESS    OF    SUBROUTINE     ADDRESS 

SIA    A 

a,'                                 SA»E          VECTOR       AUOHtSS 

MIUM 

STORE  0L0    STATE  INTO  CC 


CJMRECT    SP 


ACs    ELtltltS  APE       STACK    PUlMtH     *i  S[*Ct       JS« 

tOU  i  CC       RELATIVE  TO       SP 

t«U             1  0         RELATIVE  (U       SP 

EQU  4  A          HELAIIVE  TO       SP 

tUu  S  <«       fttL*HVt  10       SP 

tuu  b  «l     RtLAiiKt  ro    SP 

EOU             I  RH       OELATIVt  TO       SP 

EUu  b  HI       RtLATIvt  TO       SP 

SM    ALL  Uhl'J  S1ACK       —       Kk.il  STEPS  LURBEC 1       US       HIT 


PUS"       ALL       HtCISTtRS       UMTO       SIAl 
tURRl'^T       6ll 


SH«       S»L       CL  B  A 

I  SIACt  OEFtjRt       REIUHW    TO    "<AI«I       EMI 

LC  n  A  AH  »L  URL       UR«       CC  i 


IS1ERS       U^-0UIFIt0 
*■)  •!>  »1  *« 


JlNE    t)»TtS     lb    «l)Vt 
1FFS6I   OF    1 


SRM      SML      CC 


MARCH  1977 


INTERFACE  AGE  129 


SOFTWARE  SECTION 


MICROCOMPUTER  DEVELOPMENT  SOFTWARE 


HELUPt  "PULLED"  HECIStl 
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4K  Low  Power  Static  RAM  Board 
Kit  $79.95 

FULL  HIGH  IMPEDENCE  BUFFERING  •  4.5"  x  6"  WITH  STD  44 
PIN  GOLD-PLATED  EDGE  CONNECTOR  •  MILITARY  QUALITY 
PC  BOARD  WITH  PLATED  THROUGH  HOLES  •  450  NS.  LOW 
POWER  2102  RAMS  •  ON-BOARD  ADDRESS  DECODING 
INCLUDES  FULL  DOCUMENTATION 

6800  OEM  Prototype  Sets 

PROTOTYPE  BOARD  (With  Sockets)  .,,.„ 

See  September  issue,  p.  72  for  details.  4Z .  3  U 

LOW  COST  6800  STARTER  SET 

Includes  board,  sockets,  6800  CPU,  6810  RAM, 
6820  PIA,  address  decoder,  documentation  for 
minimum  system. 

NEW  1K  RAMS  at  Surplus  Prices   oing  .. 
Check  Date  Codes  and  Compare  L  I  lit"  I 

Organization       Access  Time 
RAM  IKxl  450  ns  2102 

256x1  45  ns  low  pwr 

PROMS  512x8  100  ns 

256x4  80  ns 

E  PROMS  256x8  1ms 

7  segment  LED  displays  .3"  high.  Very  bright  1  tube  (25) 
Octal  and  decimal  decoder  with  4  bit  latch 
and  constant  current  drivers  for  above  displays 

DISCOUNTS  AVAILABLE  AT  OEM  QUANTITIES 

KATHRYN  ATWOOD  .  Calif.  Residents  add  6  sales  lax 

ENTERPRISES  •  For  total  orders  less  than  $25.00 

P  O    BOX  5203  add  $1'25  shipping  and  handling 

ORANGE    CA  92667  Estimated  shipping  time  7  days  ARO 


84.95 

1.45 

Price 
1.45 
3.90 

16.00 
3.00 

10.00 

30.00 


1.75 
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GRAPHICS—  THE  EASY  WAY 


By  Marvin  Mallon 

The  relatively  recent  introduction  of  the  Video 
Terminal  Interface  board  by  Poly  Morphic  Systems 
(Goleta,  CA)  is  big  news  for  the  home  computerist. 
Not  only  can  it  generate  full  upper  and  lower  case 
alphanumeric  characters  (with  the  Greek  alphabet 
thrown  in  for  good  measure),  but  it  uniquely  offers 
a  set  of  64  graphic  symbols  as  well.  Others  were 
on  the  scene  first  with  video  cards  having  a  16 
line,  64  character  capability  or  with  a  colorful  graph- 
ics library,  but  no  one  offered  both  on  the  same 
board  prior  to  Poly's  contribution. 

It's  all  made  possible  by  a  good  deal  of  state-of- 
the  art  circuitry  combined  with  a  unique  128  set 
Character  Generator  (MCM6571 A  by  Motorola).  An 
unusual  arrangement  of  having  1K  of  RAM  on-board 
permits  you  to  stuff  bytes  into  these  addresses 
only  to  have  them  jump  up  on  the  screen  on  the 
next  scan.  Sixteen  (lines)  times  64  (characters) 
equals  1024.  Every  spot  on  your  modified  TV  has 
its  counterpart  in  memory  on  the  VTI. 

Setting  aside  all  other  matters,  let's  zero  in  on 


IP 

00 


01 


the  graphics  generation.  As  Figure  1.  indicates, 
each  one  of  these  1024  "cells"  can  contain  in  addi 
tion  to  the  alpha-numerics  set  any  one  of  64  differ- 
ent "semaphore"  displays.  These  are  simply  the 
combinations  of  ways  that  six  "sub-cells"  in  a  2  by 
3  matrix  of  white  and  black  can  be  arranged.  Each 
of  the  64  characters  in  a  line  is  now  further  sub- 
divided in  half  and  each  of  the  16  lines  on  your 
screen  is  subsequently  trisected  for  a  new  arrange- 
ment of  6144  discrete  "dots".  Even  though  this  still 
doesn't  add  up  to  the  fine  resolution  of  your  TV 
picture  or  your  favorite  X-Y  plotter,  you  can  still 
accomplish  a  great  deal,  as  I'll  further  explain. 
MITS  8K  BASIC  permits  you  to  address  any  spot 
in  memory  directly  and  either  see  what's  there 
("PEEK")  or  put  something  there  ("POKE").  Even 
the  1 K  RAM  on  board  the  VTI  can  be  reached  by 
this  means.  Therein  lies  the  secret  of  creating 
unusual  graphic  programs  in  BASIC.  Caution:  POKE 
and  PEEK  can't  be  used  above  the  32K  level  and 
consequently  your  VTI  board  should  not  be  ad- 
dressed any  higher  than  7C00HEX- 
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Figure  1 .  Following  the  binary  scale,  the  2  x  3  graphic  matrix 
progresses  from  all  "white"  to  all  "black"  in  sema- 
phore style. 
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MICROPROCESSOR  COMPONENTS 


CPU'S 


8008-1  8  Bit  CPU  $17.95 

(18  Pin)  (PMOS) 

8080A  8  Bit  CPU  24.95 

(40  Pin)  (2us)  (NMOS) 

8080  SUPPORT  DEVICES 


8212 
8214 
8216 
8224 
8255 


$   4.25 


8.95 


4.25 
8.00 


8  BIT 

I/O  Port 

Priority 

Interupt  Control 

Bi-Directional 

Bus  Driver 

Clock    ' 

Generator 

Programmable     12.00 

Peripheral  Interface 

ROM'S 


74S387      1024  Bit  $   2.50 

Programmable 
MM5230   2048  Bit  1.95 

DM8796    4096  Bit  10.00 


PROM'S 


82S23        32  x  8  Open      $  3.00 
Collector  (Schottky) 

1702  A      2048  Bit  5.00 

(512  x  4)  (1us) 
Erasable  and 
Electrically 
Reprogrammable 

1702AL     2048  Bit  7.00 

(512  x  4)  (LO-PWR) 
(1us)  Erasable 
and  Electrically 
Reprogrammable 

2708  8192  Bit  40.00 

(1024  x  8) 
Erasable  and 
Electrically 
Reprogrammable 

8223  32  x  8  Open  3.50 

Collector 

SHIFT  REGISTER'S 


MM506N 

P-2405 

N2518B 
N2533V 
MM5013N 

MM5017N 

MM5058 

TMS3002LR 

TMS3132NC 


Dual      . 

100  Static 

1024 

Dynamic 

Hex  32  Bit 

1024  Static 

1024  Bit 

Accumulato 

Dynamic 

Dual 

500/512 

Dynamic 

1024  x  1 

Static 

Dual  50 

Static 

Dual  144 

Static 


$   .89 

4.95 

3.95 
3.95 
2.00 

r 

2.00 

2.50 
3.00 
2.00 


CALCULATOR  CHIPS 

MM5736     6  Digit  Cal.  $1.25 

CT5001       12  Digit  Cal.  1.75 

With  Specifications 


RAM'S 


21L02 

1101 
1103 

2101 

2102 

2102-1 

2107B 

2107B-4 

2107B-6 

3107 

3107A 

4050NL 

5261 

5262 

5280 

7489 
8599 


$1.58 


1.00 
1.50 

3.00 

1.50 

1.65 
6.50 


1024  x  1 

Static 

256  x  1  Static 

1024  x  1 

Dynamic 

256  x  1 

Static  (1us) 

1024  x  1 

Static  (1us) 

1024  x  1 

Static  (500NS) 

4096  x  1 

Dynamic  (200NS) 

4096  x  1  5.00 

Dynamic  (270NS) 

4096  x  1  4.50 

Dynamic  (350NS) 

256  x  1  2.95 

Static  (80NS) 

256  x  1  3.50 

Static  (60NS) 

4096  x  1  4.00 

Dynamic  (300NS) 

1024  x  1  3.00 

Dynamic  (400NS) 

2048  x  1  3.00 

Dynamic  (365NS) 

4096  x  1  4.00 

Dynamic  (200NS) 

16x4  Static  1.50 

16x4  Static  1.50 


MISC.  OTHER 
COMPONENTS 


N8T20 

N8T26 

N8T97 

1488 

1489 

D3207A 

C-3404 

P-3408A 

P-4201 

MM-5320 

MM -5369 

MC-6850L 
DM8130N 

DM8131N 


Bi-Direc-  $4.00 

tional  One  Shot 

Quad  Bus  3.25 

Driver/Receiver 

Tri-State  1.45 

Hex  Buffer 

RS232  Quad      1.25 

Line  Driver 

RS232  Quad      1.25 

Line  Receiver 

Quad  2.50 

Bi-Polor  to 

MOS  Level 

Shifter/Driver 

6  Bit  Latch        3.95 

12NS  Output 

Delay 

Hex  Sense         6.75 

Amplifier  W/Latch 

Clock  4.95 

Generator 

T.V.  Camera      6.00 

Sync.  Generator 


Oscillator 

Pre-scaler 

Asynchronous 

Ten  Bit 

Comparator 

6  Bit 

Comparator 


2.00 


2.25 


2.00 


DISPLAY  LED'S 


Type                        Polarity                       HGT.  Price 

MAN-4        Common  Cathode  .187  $   .75 

ILD-74        Logic  Drive  (8  Pin) 

Opto-lsolator  (8  Pin)  1.00 

DL-707       Common  Anode  .300  1.25 

DL-747       Common  Anode  (Jumbo)      .60  2.00 

TIL-113      Opto  Coupler  (6  Pin)  2.00 
TIL-302      Common  Anode 

(LORR  DEC)  .27  1.00 


TTL  PRODUCT 


7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7422 
7423 
7425 
7426 
7427 
7428 
7429 
7430 
7432 
7433 
7437 
7438 
7439 
7440 


.14 

.20 
.20 
.20 
20 
.20 
.39 
.39 
.20 
.24 
.20 
.20 
.24 
.35 
.70 
.33 
.33 
.20 
.50 
.28 
.24 
.24 
.24 
.40 
.40 
.20 
.28 
.34 
.28 
.28 
.36 
.20 


7441 
7442 
7443 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7479 
7480 
7482 
7483 
7485 
7486 
7488 
7489 
7490 
7491 
7492 
7493 
7494 
7495 


.85 
.44 

1.20 
.89 
.87 
.69 
.81 
.20 
.20 
.20 
.20 
.20 
20 
.23 
.26 
.29 
.39 
.31 

1.50 
.69 
.72 
.75 
.90 
.25 

3.50 

1.50 
.39 
.65 
.39 
.39 
.70 
.50 


7496 

7497 

74100 

74107 

74109 

74110 

74116 

74120 

74121 

74122 

74123 

74125 

74126 

74128 

74132 

74136 

74141 

74142 

74143 

74144 

74145 

74147 

74148 

74150 

74151 

74153 

74154 

74155 

74156 

74157 

74158 

74159 


.65 

2.00 

1.25 

.76 

.35 

.50 

2.00 

1.25 

.34 

.39 

.50 

.45 

.45 

.65 

.95 

.50 

.80 

4.00 

3.00 

4.00 

.70 

2.50 

1.75 

1.00 

.70 

.70 

.90 

.70 

.90 

.70 

1.75 

2.25 


74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74180 
74181 
74182 
74184 
74185 
74186 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74198 
74199 
74200 
74279 


.86 

.62 

1.00 

.76 

.80 

.90 

1.00 

3.00 

2.00 

9.72 

1.25 

.85 

.75 

.85 

85 

.75 

2.00 

.90 

1.65 

1.30 

5.00 

1.00 

.65 

.85 

.85 

1.20 

.55 

.80 

1.50 

1.75 

3.50 

1.75 


LINEAR 


LM308N(8)  Micro  Power  Op  Amp  $   .75 

LM311N(8)  Hi-Performance  Volt.  Comp.  .95 

LM318N(8)  Precision  Hi-Speed  Op  Amp  1.95 

LM324N  Quad  741  Op  Amp  1.00 

LM339N  Quad  Comparator  .75 

LM380N  2  Watt  Audio  Power  Amp  .60 

LM381N  Low  Noise  Power  Amp  1.95 

NE555V  Timer  .60 

NE566V  Function  Generator  2.00 

NE567V  Tone  Generator  2.00 

NE723CN  Voltage  Regulator  .50 

NE739N  Dual  Hi-Perf.  Op  Amp  1.00 

NE741CH  Compensated  Op  Amp  .45 

NE741CN  Compensated  Op  Amp  .35 

NE1458CN  Dual  Comp  Op  Amp  .65 

NE3900N  Quad  Amp  .45 


JADE  Co 

ELECTRONICS  DISTRIBUTION 

NEW  LOCATION 

5351  W.  144th  ST.,  LAWN  DALE,  CA  90260 

'  TERMS: 


Add  $1 .00  for  shipping  plus  $.85  if  COD 

California  Residents  add  6%,  Sales  Tax 

$20  minimum  on  BofA  &  M.C. 

Orders  from  Foreign  countries  add  appropriate  postage 


Phone  (213)  679-3313 

Retail  Store  Opens  February  21,  1977 
Hrs.  9-7  MON.-FRI.;  9-5  SAT;  12-5  SUN. 
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As  an  example  of  how  this  all  works,  let's  exam- 
ine a  simple  BASIC  program  written  for  a  system 
containing  a  Poly  VTI  board  addressed  as  7C00: 

10  A  =  31744:  B  =  63 

20  FOR  X  =  0  TO  1023 

30  POKE  A  +  X,  B 

40  NEXT  X 

Line  10  assigns  A  (for  address)  the  value  of  31744. 
That  is  the  decimal  equivalent  of  7C00HEx-  POKE 
commands  are  issued  in  decimal  form,  hence  this 
conversion  is  necessary.  Line  10  also  assigns  B 
(for  black)  the  value  of  63.  On  the  Poly  semaphore 
scale,  63  is  black.  Line  20  to  40  constitute  a  FOR- 
NEXT  loop  that  will  POKE  the  black  graphic  cell 
into  each  of  the  1024  locations  in  ascending  order 
across  the  screen.  So  what  does  this  program 
accomplish?  Quite  simply,  it  erases  the  whole 
screen  preliminary  to  creating  a  new  display.  I  use 
this  brief  subroutine  frequently  in  my  graphics 
program  for  just  that  purpose.  Note  that  the  pro- 
gram creates  variable  assignments  for  the  POKE 
statement.  It  plays  faster  that  way.  POKE  31744  + 


Figure  2. 

Nearly  any  design  can  be  created  by  merging  graph- 
ic matrices  in  combination.  The  example  above 
shows  a  "33"  side-by-side  with  a  "12".  Chess 
pieces,  jumbo  words,  even  animated  "characters" 
can  be  produced  in  this  fashion. 


X  63  takes  twice  as  long  to  perform  because  BASIC 
has  to  convert  real  numbers  to  their  floating  point 
equivalency  before  execution. 

Figure  2.  illustrates  the  means  by  which  various 
designs  can  be  constructed  by  placing  combina- 
tions of  graphic  matrices  adjacent  to  each  other. 
It  is  advisable  to  make  a  grid  chart  and  sketch  in 
the  patterns  you  wish  to  create.  It  is  then  a  simple 
task  to  break  this  down  to  a  series  of  graphic 
"rectangles"  at  specific  addresses.  Duplicating 
this  combination  of  numbers  in  your  BASIC  program 
should  produce  the  desired  results. 


In  Figure  3.  you  can  see  that  jumbo  words  can 
be  created  just  as  easily  as  any  other  pattern.  Here 
it  is  used  as  a  "title"  on  my  Checkers  program. 
I  also  make  use  of  this  technique  for  messages  as 
illustrated  in  Figure  5. 

Figure  4.  demonstrates  the  combination  of  graph- 


ics and  numerics.  Each  Checker  square  is  numbered 
with  a  conventional  pair  of  numerals  and  serves  to 
assist  the  player  in  calling  his  moves. 

Figure  5.  is  a  photo  of  my  12"  Hitachi  in  the  mid- 
dle of  a  game  of  Checkers.  Note  that  the  checkers 
are  square.  "Round"  is  not  achievable  with  the 
limited  resolution  of  the  VTI  but  regardless  the 
display  seems  presentable.  The  "hole"  in  the  upper 
set  of  checkers  denotes  the  blacks  rather  than  the 
reds. 

My  program  is  incomplete  in  that  the  algorithms 
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DIODES/ZENERS 

SOCKETS/BRIDGES 

TRANSISTORS,  LEDS,  etc. 

1N914 

100v 

10mA 

.05 

8-pin       pcb        .25        ww 

.45 

2N2222        NPN 

.10 

1 N4004 

400v 

1A 

.08 

14-pin       pcb         .25        ww 

.40 

2N2907        PNP 

.15 

1N4005 

600v 

1A 

.08 

16-pin       pcb         .25        ww 

.40 

2N3740        PNP                1A         60v 

.25 

1N4007 

1000v 

1A 

.15 

18-pin       pcb        .25        ww 

.75 

2N3906       PNP 

.10 

1N4148 

75v 

10lT; 

.03 

22-pin       pcb         .45 

2N3055        NPN              15A         60v 

.50 

1N753A 

6.2v 

z 

.25 

24-pin       pcb         .35        ww 

1.25 

T1P125        PNP              Darlington 

.35 

1N758A 

10v 

z 

.25 

28-pin       pcb        .35        ww 

1.45 

LED  Green,  Red,  Clear 

.15 

1N759A 

12v 

z 

.25 

40-pin       pcb        .50        ww 

1.95 

D.L.747     7  seg  5/8"  high  corn-anode 

1.95 

1N4733 
1N5243 

5.1v 
13v 

z 
z 

.25 
.25 

Molex  pins    .01      To-3  Sockets 

.25 

XAN72      7  seg  com-anode 

1.50 

1N5244B 

14v 

z 

.25 

2  Amp  Bridge       100-prv 

1.20 

FND  359   Red    7  seg  corn-cathode 

1.25 

1N5245B 

15v 

z 

.25 

25  Amp  Bridge     200-prv 

2.50 

C  MOS 

-     T 

T     L 

— 

4000 

.20 

7400 

.15 

7475                    .45 

74193                 .85 

74S05 

.45 
.45 

4001 

.20 

7401 

.15 

7476                    .20 

74194                1.45 

74S08 

.45 

4002 

.25 

7402 

.20 

7480                    .65 

74195                  .95 

74S10 

.45 

4004 

4.95 

7403 

.25 

7481                    .99 

74196                1.50 

74S11 

.45 

4006 

1.20 

7404 

.15 

7483                  1.00 

74197                1.25 

74S20 

.50 

4007 

.40 

7405 

.25 

7485                  1.05 

74198               2.35 

74S40 

.30 

4008 

1.20 

7406 

.35 

7486                    .40 

74367                 .85 

74S50 

.35 

4009 

.25 

7407 

.55 

7489                  2.50 

74S51 

74S64 

74S74 

74S112 

74S133 

74S140 

74S151A 

.45 
.30 
.50 
1.50 
.45 

4010 
4011 
4012 
4013 

.45 
.20 
.20 
.40 

7408 
7409 
7410 
7411 

.25 
.15 

.15 
.25 

7490  .55 

7491  1.15 

7492  .95 

7493  .45 

751 08A               .35 
75110                  .35 

75491  .50 

75492  .50 

4014 

1.10 

7412 

.30 

7494                  1.25 

74H00                 .25 

.75 

4015 

.95 

7413 

.65 

7495                    .85 

74H01                  .25 

.45 

4016 

.35 

7414 

1.10 

7496                    .95 

74H04                 .25 

74S153 

.45 

4017 

1.10 

7416 

.25 

74100                1.85 

74H05                 .25 

74S158 

.45 

4018 

1.10 

7417 

.50 

74107                  .45 

74H11                  .25 

74S194 

1.50 

4019 

.70 

7420 

.15 

74121                  .40 

74H15                 .30 

74S257  (8123) 

.25 

4020 

.85 

7426 

.40 

74122                  .55 

74H20                 .30 

74LS00 

74LS01 

74LS02 

74LS04 

74LS08 

74LS09 

74LS10 

74LS11 

74LS20 

74LS21 

74LS22 

74LS32 

74LS37 

74LS40 

74LS42 

74LS74 

74LS90 

74LS93 

74LS107 

74LS153 

74LS157 

.45 
.45 
.45 
.55 
.45 
.45 
.45 
.45 
.50 
.25 
.25 
.55 
.40 
.55 

1.75 
.95 

1.30 

1.00 
.95 

1.20 
.85 

4021 

1.35 

7427 

.45 

74123                 .55 

74H22                 .40 

4022 

1.15 

7430 

.15 

74125                  .45 

74H30                 .25 

4023 

.25 

7432 

.45 

74132                1.35 

74H40                 .25 

4024 

.75 

7437 

.45 

74141                1.30 

74H51                  .25 

4025 

.35 

7438 

.35 

74150                1.00 

74H52                .15 

4026 

1.95 

7440 

.25 

74151                  .95 

74H53J               .25 

4027 

.50 

7441 

1.15 

74153                 .95 

74H55                 .25 

4028 

.95 

7442 

.65 

74154                 .75 

74H72                 .55 

4030 

.45 

7443 

.95 

74156                1.15 

74H101               .75 

4033 

1.95 

7444 

.55 

74157                  .75 

74H103               .75 

4034 

2.45 

7445 

.95 

74161                1.25 

74H106               .95 

4035 

1.25 

7446 

.95 

74163                1.25 

74L00                 .35 

4040 
4041 
4042 
4043 
4044 
4046 
4049 
4050 
4066 

1.35 
.69 
.95 

1.25 
.95 

1.50 
.80 
.70 

1.35 

7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 

.95 

1.20 

.25 

.25 
.25 
.25 
.40 
.45 
.45 

74164  .95 

74165  1.50 

74166  1.35 

74175  .95 

74176  1.25 

74180  .85 

74181  3.25 

74182  .95 
74190                1.75 

74L02                  .35 
74L03                 .30 
74L10                 .35 
74L30                 .45 
74L47                1.95 
74L55                 .65 
74L72                  .45 
74L75                .55 

4069 

.40 

7473 

.35 

74192                1.65 

74SOO                 .55 

74LS164 

1.90 

4071 

.35 

7474 

.40 

74S02                  .55 

74LS367 

.85 

4082 

.45 

74S03                  .50 

74LS368 

.70 

9000  SERIES 

LINEARS, 

REGULATORS,  etc. 

9301 

1.00 

MCT2 

.95 

LM320K5 

1.65 

LM340T-24           1.25 

LM723 

.45 

9309 

.45 

8038 

3.95 

LM320K12 

1.65 

LM340K-12           2.15 

LM725 

1.95 

9322 

1.10 

LM201AH 

.75 

LM320T12 

1.65 

LIV1340K-15           1.65 

LM739 

1.50 

9602 

1.50 

LM301AH 

.25 

LM320T15 

1.65 

LM340K-18           1.65 

LM741      8-14      .25 

LM308AH 

1.00 

LM339 

.95 

LM340K-24           1.25 

LM747 

1.10 

MEMORY 

;ks 

LM309H 

.65 

7805(340T-5) 

1.00 

LM373                   2.95 

LM1307 

1.25 

LM309K 

.90 

LM340T-12 

1.25 

LM380                     .95 

LM1458 

.95 

74S1 88(8223) 

i.00 

LM310 

1.15 

LM340T-15 

1.25 

LM709I8, 14  PIN)    .30 

LM3900 

.65 

MM1702A 

j 

).95 

LM311D(Mini)      .95 

LM340T-18 

1.65 

LM711                      .45 

LM75451 

.65 

MM5314 
MM5316 
2102-1 

i.50 
3.95 
.75 

NE555 
NE556 
NE565 

.50 

1.10 

.95 

INTEGRATED  CIRCUITS  W 

INLIMITED 

TR  1602A                    i 
TMS6011NC                ( 

5.95 
3.95 

7889  Clairemont  Mesa  Blvd.    •    San  Diegc 

i,  CA  92 

111    •    (714)  278-4394 

NE566 
NE567 

1.75 
1.35 

8080AD 

15 

3.50 

Ml  orders  shipped  prepaid 

No  mi 

nimum 

SN72720 

.35 

8T23 

.50 

Open  accounts  invited 

COD  c 

irders  accepted 

SN72820 

.35 

8T24 
2107B-4 

?.00 

Discounts  available  at  OEM  Quanti 

ties 

5.95 

California  Residents  add  6%  Sales 

Tax 

24  Hour  Phone    (714)  278-4394 

Masl 

erCharge  /  BankAmericard 
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for  computer  calculated  moves  as  well  as  the  tests 
for  legal  moves  remain  to  be  written.  The  program 
at  this  point  occupies  what's  left  of  12K  of  memory 
and  adequately  demonstrates  the  graphics  portion. 
I  invite  you  to  duplicate  my  efforts  up  to  this  point 
by  running  the  program  listed  at  the  end  of  this 
article.  The  REMARKS  should  clarify  the  specific 
subroutines  that  perform  the  tasks  of  creating  the 
checkerboard,  moving  the  checkers,  forming  the 
messages,  etc.  You  may  find  the  algorithms  adapt- 
able to  graphics  programs  of  your  own.  Good  luck! 

OK 
LIST 

10    REM    -    CHECKERS   FOR   64    CHARACTER   VIDEO    AT   EC 

20    REM    -    ***COPYRIGHTED    BY   M.MALLON,     OCTOBER, 1 976*** 

22    CLEAR    0 

25    V=31744:BL=63 

30    REM    -    ***CLEAR    SCREEN*** 

50    FOR    X=0    TO     1023:P0KE    V+X,BL:NEXT 

100    REM    -    ***PAINT    TITLE*** 

110    FOR    X=l     TO    87:READ    D:P0KE    V+D,0:NEXT 

140  DATA  396,397,398,401,404,407,408,409,412,413,414,417,420 

150  DATA  423,424,425,428,429,430,431,434,435,436 

160  DATA  460,465,468,471,476,481,483,487,492,495,498 

170  DATA  524,529,530,531,532,535,536,537,540,545,546 

180  DATA  551,552,553,556,557,558,559,562,563,564 

190  DATA  588,593,595,599,604,609,611,615,620,622,628 

200  DATA  652,653,654,657,660,663,664,665,668,669,670 

210  DATA  673,676,679,680,681,684,687,690,691,692 

220  REM  -  ***CLEAR  SCREEN*** 

230   FOR  X=0    TO    1023:P0KE   V+X,63:NEXT 

300    REM    -    ***RULES*** 

320  PRINTTABC7); 

330  PRINT  "LETS  PLAY  CHECKERS!   YOU  AGAINST  THE  COMPUTER." 

340  PRINTTABC8); 

350  PRINT  "YOU  ARE  WHITECAT  THE  BOTTOM  OF  THE  SCREEN)." 

360  PRINT  TABC2I); 

370  PRINT  "BLACK  GOES  FIRST." 

400  PRINTTABC7); 

410  PRINT  "MAKE  YOUR  MOVES  BY  TYPING  THE  SQUARE  YOU  OCCUPY" 

420  PRINTTABC7); 

430  PRINT  "FOLLOWED  BY  THE  SQUARE  NUMBER  YOU  WISH  TO  GO  TO." 

440  PRINTTABC7); 

450  PRINT  "SEPARATE  THESE  NUMBERS  WITH  A  COMMA.  GOOD  LUCK!" 

455  REM  -  ***H0LD  SCREEN*** 

460    FOP.   X=l     TO    400:NEXT 

465    REM    -    ***CLEAR    SCREEN*** 

470    FOR   X=0    TO     1023:P0KE    V+X,BL:NEXT 

500    REM    -    ***PAINT    CHECKERBOARD*** 

510    DIM    L<64) 

520    FOR    X=0    TO    7:ZCX)=3+X*128:NEXT 

530    FOR    Y=0    TO    7:FOR    X=  1  TO    8 

540   LCX+Y*8)=ZCY)+CX-1>*6 

550    NEXT    X:NEXT    Y 

560    FOR  A=l     TO    7    STEP    2 

570    FOR   X=A    TO    64    STEP    16 

580    FOR    B=    0    TO    5 

590  FOR  T=0  TO  64  STEP  64 

600  POKE  V+L(X)+B+T,0 

610   NEXT   T:NEXT    B:NEXT   X:NEXT   A 

6  20    FOR  A=10    TO    16    STEP    2 

6  30    FOR  X=A   TO    6  4    STEP    16 

640   FOR   B=0   TO    5 

650    FOR    T=0    TO    64    STEP    64 

660    POKE    V+LCX)+B+T,0 


670    NEXT    T:NEXT    B.-NEXT    X:NEXT    A 

700    REM    -    ***ADDRESS    FOR    NUMBERS*** 

710   FOR  X=l    TO    63    STEP    2:READ   LCX) : LCX)=LCX) -64: NEXT 

720    DATA    73,85,97,109,195,207,219,231,329,341,353,365 

730    DATA    451,463,475,487,585,597,609,621,707,719,731,743 

740    DATA    841,853,865,877,963,975,987,999 

750    FOR    X=2    TO    64    STEP    2:L<X)=LCX- 1 ) + 1 :NEXT 

780    REM    -    ***PAINT    SQUARE    NUMBERS*** 

790    FOR  X=l     TO    64:READ    N:POKE    V+L<X), N:NEXT 

820    DATA    176,177,176,178,176,179,176,180 

830    DATA    176,181,176,182,176,183,176,184 

840    DATA    176,185,177,176,177,177,177,178 

850    DATA    177,179,177,180,177,181,177,182 

860    DATA    177,183,177,184,177,185,178,176 

870    DATA    178, I 77i 178, I  78, 178, 179, 178, 180 

880    DATA    178,181,178,182,178,183,178,184 

890    DATA    178,185,179,176,179,177,179,178 

900    REM    -    ***ADDRESS    FOR    CHECKERS*** 

910    FOR  X=l    TO    32:L(X)=L(2*X-1)+1 :NEXT 

920    REM    -    ***PAINT    CHECKERS*** 

930   FOR   Z=l    TO    4:READ    CCZ):NEXT 

940    DATA    53,38,25,43 

950   FOR  X=l    TO    12:F0R   Y=0    TO    1 :F0R    Z=l    T02 

960    POKE   V+L(X)+Y*64+Z,CCZ+Y*2) 

970  NEXT  Z'.NEXT  Y:NEXT  X 

980    FOR   Z=l    TO    4:READ    C<Z):NEXT 

990    DATA    52,38, 25, 1 1 

1000    FOR   X=21    TO    32:F0R  Y=0    TO    1 :F0R    Z=l    TO    2 

1010    POKE    V+L<X)+Y*64+Z,CCZ+Y*2) 

1020   NEXT    Z:NEXT   Y:NEXT   X 

1100    REM    -    ***C0MPUTERS    FIRST   MOVE*** 

1105   FOR  X=l    TO    200:NEXT 

1110  GOSUB  5002 

1  115  GOSUB  5065 

1 120  F=10:T=15 

1130  GOSUB  6000 

1135  REM  -  ***PLAYER  MOVES*** 

1 140  GOSUB  5502 

1210    GOSUB    7000 

1220    GOSUB   6000 

4999  INPUT   A 

5000  REM    -    ***PRINT    "MY"*** 
5002    DIM   M<22> 

5005    FOR  X=l    TO    22:READ   M<X):.NEXT 

5010    FOR  X=0    TO    64    STEP    64 

5020    FOR   Y=l     TO     1 1 

5040    POKE    V+179+Y+X,M<Y+1 1*SGN(X>) 

5050    NEXT    Y:NEXT    X 

5060    DATA    63,63,63,5,53,7,29,53,31,63,63 

5062  DATA   63,63,63,15,63,15,63,15,63,63,63 

5063  RETURN 

5065    REM    -    ***PRINT    "MOVE"*** 

5070    FOR  X=0   TO    64    STEP   64 

5080    FOR   Y=l     TO     11 

5090    READ    Q 

5100    POKE    V+307+Y+X, 0 

51  10   NEXT   Y:NEXT   X 

5120    DATA    38, 62,39, 37, 45, 39, 39, 63, 39, 37, 4S 

5130    DATA    7,31,7,6,54,7,57,49,63,2,54 

5135    FOR  X=l     TO     150:NEXT 

5  140    RETURN 

5500    REM    -    ***PRINT    "YOUR"*** 

5502    DIM   YC22) 

5505    FOR    X=l     TO    22: READ    YCX):NEXT 

5510    FOR  X=0    TO    64    STEP    64 

5520    FOR  Y=l    TO    11 

5540    POKE   V+179+Y+X,YCY+1 1*SGNCX)) 

5550    NEXT    Y:NEXT    X 

5560    DATA    29,53,31,3,27,7,7,56,56,18,7 

5570    DATA    63,15,63,13,45,15,13,41,57,59,47 

5580    RETURN 

6000    REM    -    ***READ    "FROM"*** 

6030    FOR  Y=0    TO    1SF0R   Z=l    TO    2 

6040    FCZ+Y*2)=PEEKCV+LCF)+Z+Y*64) 

6050  NEXT  Z:NEXT  Y 

6051  FOR  B=l  TO  10 

6052  FOR  Y=0  TO  1:F0R  Z= 1  TO  2:P0KE  V+LCF ) +Z+Y*64, F ( Z+Y*2) 

6053  NEXT  Z:NEXT  Y 

6054  FOR  Y=0  TO  1:F0R  Z=l  TO  2:P0KE  V+L(F)+Z+Y*64, 63 

6055  NEXT  Z:NEXT  Y:NEXT  B 

6056  FOR  B=l  TO  10 

6057  FOR    Y=0    TO     1:F0R    Z- 1     TO    2:P0KE    V+LCT)+Z+Y*64, 63 

6058  NEXT    Z:NEXT    Y 

6060    FOP.    Y=0    TO     1:F0P.    Z=  1    TO    2:P0KE    V+LCT)  +  Z+Y*64,FCZ  +  Y*2) 

6070    NEXT    Z:NEXT    Y 

6075    NEXT    B 

6080    RETURN 

7000    REM    -    ***INPUT    ROUTINE*** 

7010    FOR   X=l     TO    6:ICX)=0:NEXT 

7020    A=141 

7030    FOR  X=l    TO    6 

7040    ICX)=INP<124> 

7050    IF    ICX)=197    THEN    7010 

7060    IF    ICX)=A    THEN    7040 

7070   POKE   V+503+X, ICX) 

7080    A=I(X) 

7090    IF    IC2)=172    THEN    I t 3>= I t 2) : I C 2) = I ( 1 > : X=3 

7100    IF    IC5)=141    THEN    I C 6>= I C5 ) : I C5 )= I ( 4 ) : X=6 

7110    NEXT    X 

7120    F=(I( 1 >-176)*10+CI<2>-176> 

7130    T=a<4)-176)*10+CI<5>'-176) 

7140    RETURN 

OK 
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DIGI-KEY  CORPORATION 

Quality  Electronic  Components 

Double-Digit  Discounts 

Save  You  Even  More 


2102-1  8080A       LM3909 

$1.99      $24.95      69c 


NATIONAL  SEMICONDUCTOR  CLOCK  MODULES 


"Assembled  and  tested.  The  IV. 
&  other  parts  are  on  r/ie  back  of 
these  compact  modules." 


MA1010A  12  Hour  (AM-PM)  Version  .  . .  $13.00 
MA1010C  24  Hour  Version $13.00 


MA1002A  12  Hour  (AM-PM)  Version $10.50 

MA1002C  24  Hour  Version $10.50 

0.5"  High  led  P»gyL 


-  High  LEOP^ 


Special  transformer  and  6  switches, 
when  ordered  with  module  add  $3.45. 


actual 


Special  transformer  and  6  switches 
when  ordered  with  module  add  $3.45 


Hobby-Wrap-30  $5.95 

Strlpi,  Wrgpi  and  Uitwnpi  30  go.  wire  on  standard  wfre  wrapping  pint 


^ 


MA 7002  &  MA 7 07 0  Series 
Electronic  Clock  Modules 


The  MA1002  &  MA1010  Series  Electronic  Clock  Modules 
are  assembled  and  pretested  modules  which  combine  a 
monolithic  M0S-LSI  integrated  clock  circuit,  4-digit  LED 
display,  power  supply  and  other  associated  discrete  com- 
ponents on  a  single  printed  circuit  board  to  form  a  complete 
electronic  clock  movement.  The  user  need  odd  only  o  trans- 
former and  switches  to  construct  a  digital  clock  for  applica- 
tion in  clock-radios,  alarm  or  instrument  panel  clocks.  Time- 
keeping may  be  from  50  or  60  Hz  inputs  and  12  or  24  hour 
display  formats  may  be  chosen.  Direct  LED  drive  eliminates 
RF  interference.  Time  setting  is  made  eosy  through  use  of 
"Fast"  and  "Slow"  scanning  controls. 


The  MA1002A  and  MA1010A  have  a  12  hour  display  with  an 
AM  and  PM  indicator.  The  MA1002C  and  MA1010C  have  a 
24  hour  display. 

Features  include  alarm  "on"  and  "PM"  indicators,  "sleep" 
timers  and  variable  brightness  control  capa- 
bility. The  modules  are  extremely  compact,  the  MA1002 
measuring  1.375"  by  3.05",  the  MA1010  measuring  7.75" 
by  3.75".  This  small  size  is  achieved  by  bonding  the  I.C. 
to  the  back  of  the  circuit  board. 

It  is  highly  recommended  that  the  transformer  be  obtained 
with  the  clock  module  as  it  is  a  special  dual  secondary 
type  not  otherwise  readily  available. 
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Z80MITS12K 

EXTENDED  BASIC 

PATCHES 


By  Martin  D.  Gray 

It  is  amazing  how  quickly  you  can  become  tired  of 
swapping  Z80  and  8080  CPU  boards  of  the  IMSAI 
8080  microcomputer  whenever  there  is  a  basic  pro- 
gram to  run.  The  following  patches  are  the  result  of 
several  days'  work  studying  disassembly  listings  (what 
the  world  needs  is  a  good  annotated  disassembler). 
The  problem  with  MITS  Basic  for  the  8080  CPU  is  the 
conditional  parity  operations;  JPO  JPE  CPO  CPE  RPO 
RPE. 

The  1 2K  basic  seems  to  be  a  mix  of  the  conditional 
jumps  and  returns.  Fortunately,  the  RPE  and  RPO 
instructions  follow  an  RST  6,  allowing  a  simple  patch 
of  the  RST  6  and  avoiding  the  use  of  the  only  remain- 
ing one  byte  call  (RST  7).  The  three  byte  jumps  are 


then  patched  one  at  a  time  with  a  common  macro.  This 
works  well  on  my  12K  basic,  but  I  understand  that 
there  are  several  versions  around  and  it  would  not  be  a 
bad  idea  to  check  the  patch  locations  to  see  that  they 
agree  with  your  basic. 

These  patches  were  written  and  assembled  on  the 
TDL  Relocating  Assembler  and  the  object  can  be 
loaded  anywhere  there  are  0055H  unused  bytes.  The 
assembler  puts  all  address  fields  MSB  first,  so  remem- 
ber when  you  key  in  the  patches,  to  swap  the  order  of 
these  fields.  The  patches  work  only  for  the  Z80  CPU. 
The  two  Z80  instructions  RES  and  SET  must  be 
changed  to  8080  type  instructions  for  the  patches  to 
work  on  both  Z80  and  8080  CPUs. 


.TITLE 

'MITS    12 

:    BASIC 

HMD   ESP-1    Z-80' 

11 13 1-1 

A7 

AMR 

. SBTTl 

■REV    2    1  1 '£€■■  ?6 

MITS    3.2    RCP    BASIC    Z-80    PATC 

11015- 

E2 

001 C 

+ 

JPO 

. .0002 

HES 

0013' 

Fl 

+ 

POP 

PSIJ 

:  MACRO 

DEFINITIONS 

0019' 

C3 

lie  ED 

+ 

.IMP 

0CEA+3 

.DEFINE 

PATCH CRBRS*BRRNCH|  0P»  INSERT* 3:£XPNB»%5KIP1  =  C 

11 0 1  c 

Fl 

+  . 

. 0  002: 

PDF 

psu 

.ldi: 

HTJRS 

: iPRTCH    JPO. JPE    HEPE 

(ill  ID 

C3 

OCFD 

+ 

.IMP 

OCFD      ] 

.IMP 

^.expnd 

si  jump  td  EXPANSION 

FRTCH 

tOBCi  10CO 

JPO  [ 

.RELDC 

:  :  BACK    TD    NEXT    SEC1    LDC 

i  obi: 

C3 

0020' 

+ 

.IMF- 

. . 0003 

3JEXPNB: 

PUSH 

'  INSERT 

Pill 

: ! srve  status 

: : :tick  dp  imsept  hepe 

0020- 
0021' 

F5 

R7 

+  " 

. 0003: 

PUSH 
AHR 

PSIJ 

ANA 

R 

: :get  rccum  parity 

0022' 

E2 

0029' 

+ 

JPD 

. . 0004 

DP 

•-.-►  IP 

11TEST    PARITY    AND    BRRNCH 

0025- 

Fl 

+ 

PDF 

P :  1.1 

PDP 

PSI.I 

0025.' 

C3 

10BF 

+ 

JMP 

1 0BC+3 

.IMF- 

RDRS+3 

: ICONS   MDT   met 

0029' 

Fl 

+  , 

.  0  0  04 : 

PDP 

RSM 

■;sr  IP: 

POP 
.IMF- 

F- "  i.l 
BRRNCH 

t icons  i:  met] 

002A- 

C3 

1  0C  0 

+ 

.IMP 
FRTCH 

1  0C  0      I 
289A.22F4 

JPE. SUI 

5[ 

-DEFINE 

PEL  CMI'F 

-PELDi: 

:i  =  c 

229A 
002D- 

C3 

F5 

002D' 

+ 

. 0005: 

.IMF- 
PUSH 

. . 0005 
PSI.I 

.LDC 

HOPS] 

002E- 

116  05 

+ 

SUI 

5 

0030' 

R7 

+ 

RMA 

R 

(FIX  p: 

T    6    HEPE 

00  31 

EA 

0038' 

+ 

JPE 

..0006 

00  35 

.LDC 

3SH 

0034' 

Fl 

+ 

FDR 

PSIJ 

0035 

C3    0000 

JMP 

P.T6 

0035- 

C3 

2290 

+ 

JMP 

229A+3 

0000' 

.PELDC 

0038- 

Fl 

+  . 

. 0008: 

PDP 

PSIJ 

0000' 

31 

RST6I 

DCR 

R 

0039' 

C3 

22F4 

+ 

-IMF- 

22F4       1 

0001 

3D 

DC  P 

R 

PATCH 

1  ISC. 1178 

JPD  I 

0008' 

3D 

DC  P 

R 

1 1  ec 

C3 

003C- 

+ 

.IMF- 

. . 00  07 

0003 

F5 

PUSH 

P  31.1 

003C 

F5 

+  . 

. 0007: 

PUSH 

F-Sl.i 

0004' 

E3 

XTHL 

0030- 

R7 

+ 

AHA 

R 

0005 

A7 

ANA 

A 

;i5ET   PARITY 

003E' 

E2 

0045' 

+ 

.IPO 

..0008 

0006- 

EA    000E' 

JPE 

--UP1 

1104  1 

Fl 

+ 

PDP 

PSI.I 

00(19' 

CB95 

PES 

8.L 

SPEiET    PRPITY    FLAS 

0042- 

C3 

118F 

+ 

.IMF- 

U8C  +  3 

000B 

E3 

XTHL 

0045' 

Fl 

+  . 

.0008: 

POP 

F-  S  i.l 

0O0C" 

Fl 

PDF- 

R  S  J.I 

0046' 

C3 

1178 

+ 

JMP 

1178      ) 

000D' 

C9 

PET 

PRTCH 

1  ASS. 9 05. 

PE  [ 

OOOE' 

CBD5 

.  .UP1: 

SET 

2.L 

: SET    PARITY    FLRS 

1A82 

C3 

0049' 

+ 

JMP 

..0009 

0010' 

E3 

XTHL 

0049- 

F5 

+  . 

. 0009: 

PUiH 

p-1.1 

0011 

Fl 

POP 

R-J.l 

004R- 

A7 

+ 

ANA 

A 

0012 

C9 

PET 

004B 
004E' 

Efl 
Fl 

0052 

+ 

JPE 
PDF 

. .0010 

FSIJ 

;hepe  c 

OME    THE 

Z-80   MACRO 

004F- 

C3 

1 R85 

+ 

JMP 

1 AS2*  3 

-PAD  IK 

16 

0052' 

Fl 

+  . 

.  0010: 

PDP 

PSIJ 

PATCH 

OCEA. 0 

FD.  JF-DC 

0053' 

C3 

09  05 

+ 

JMP 

905      1 

OCEA 

C3    0013' 

+ 

.IMP 

.  .  0001 

.RADIX 

10 

0013 

F5 

+  . .0001: 

PUSH 

PSI.I 

.ENS 
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S.D.    SALES    CO.    PO.  BOX  28810 -© 


DALLAS,  TEXAS  75228 


JUMBO  LED  CAR  CLOCK 


Alarm  Option 
ACXFMR  - 


-$1.50 
$1.50 


THE  HOTTEST  SELLING  KIT  WE  EVER  PRODUCED! 

You  requested  it!  Our  first  D.C.  operated  clock  kit.  Professionally 

engineered  from  scratch.  Not  a  makeshift  kluge  as  sold  by  others. 

Features:  . 

A.     Bowmar  Jumbo  —.5  inch  LED  array.  py,0^^- 

MOSTEK  -  50250  -  Super  Clock  Chip.  <\S^   pP^ 

On  board  precision  crystal  time  base.         «q0  «>    nM^-^    r \ 
1 2  or  24  Hr.  Real  Time  Format.  S^A*  cVjS *J"\Mft0^fa ' 

Perfect  for  cars,  boats,  vans,  etc.  V**  v*- 

P.C.  Board  and  all  parts  (less  case)  included. 


B. 
C. 
D. 
E. 
F. 


THIS  MONTH'S  SPECIALS 
AMD-8080A  $14.95 

Z-80  CPU  49.95 

82S129  1K  PROM  2.50 


60  HZ  CRYSTAL  TIME  BASE 
S.D.  SALES  EXCLUSIVE! 

$5.95  ea.  9|$a0-0° 

KIT  FEATURES: 

A.  60HZ  output  with  accuracy  comparable  to  a  digi- 
tal watch. 

B.  Directly  interfaces  with  all  MOS  clock  chips. 

C   Super      low      power      consumption      (1.5      MA      typ.) 

D.  Uses  latest  MOS  17  stage  divider  IC 

E.  Eliminates    forever    the    problem    of    AC    line    glitches. 

F.  Perfect  for  cars,  boats,  campers,  or  even  for  port- 
able clocks  at  ham  field  days. 

G.  Small  size;  can  be  used  in  existing  enclosures. 
Kit  includes  Crystal,  Driver  IC,  PC  board,  plus  all  necessary 
parts  and  specs.  At  last  count  —  over  20,000  sold! 


1702A2K  EPROM 

We  tell  it  like  it  is.  We  could  have  said 
these  were  factory  new,  but  here  is  the 
straight  scoop.  We  bought  a  load  of 
new  computer  gear  that  contained 
a  quantity  of  1702  A's  in  sockets.  We 
carefully  removed  the  parts,  verified 
their  quality,  and  are  offering  them 
on  one  heck  of  a  deal.  First  come, 
first  served.  Satisfaction  guaranteed! 
U.V.  Eraseable.  $695  ea_  4/$25 


I 


1000  MFD 
Filter  Caps 

Rated  35  WVDC 
Upright  style 

with  PC  leads. 
Most  popular 
value  for  hobby- 
ists. Compare  at 
up  to  $1.19  ea. 
from  franchise 
type  electronic 
parts  stores.  S.D. 
Special  4/$l. 


Slide  Switch 
Assortment 

Our  best  seller. 
Includes  mini- 
ature and  stan- 
dard sizes;  sin- 
gle and  multi- 
position  units. 
All  new,  first 
name  brand.  Try 
one  package  and 
you'll  reorder 
more!  Special 

12/$  1.00 


RESISTOR 
ASSORTMENT 

'AW    5%    &     10% 

PC  leads.  A  good 

mix      of     values. 

200/$2. 

LamosJ 


UP  YOUR  COMPUTER! 
21L02-1  1K  LOW  POWER  500  NS 
STATIC  RAM    Time  is  of  the  essence! 

And  so  is  power.  Not  only  are  our 
RAM's  faster  than  a  speeding  bullet 
but  they  are  now  very  low  power. 
We  are  pleased  to  offer  prime  new 
21L02— 1  low  power  and  super  fast 
RAM's.  Allows  you  to  STRETCH 
your  power  supply  farther  and  at  the 
same  time  keep  the  wait  light  off. 
8  for  $12.95 


<t.ion.-  S.D.  SALES  EXCLUSIVE 

$12.95     MOS  6  DIGIT  UP-DOWN  COUNTER   $12.95 

40  PIN  DIP.  Everything  you  ever  wanted  in  a  counter  chip. 
Features:  Direct  LED  segment  drive,  single  power  supply  (12 
VDC  TYPE.),  six  decades  up/down,  pre-loadable  counter, 
separate  pre-loadable  compare  register  with  compare  out- 
put, BCD  and  seven  segment  outputs,  internal  scan  oscilla- 
tor, CMOS  compatible,  leading  zero  blanking.  1MHZ.  count 
input  frequency.  Very  limited  quantity!  WITH  DATA  SHEET 


7400— 19c  7411— 29c 
74LS00— 49c  7413— 50c 
7402— 19c  7416— 69c 
74LS02— 49c  7420—  19c 


7404— 19c 
74L04— 29c 
74S04— 44c 
74LS04-49C 
7406— 29c 
7408— 19c 
7410— 19c 


7430- 
7432- 
7437- 
7438- 
7440- 
7447- 
7448- 


19c 
34c 
■39c 
-39c 
19c 
-85c 
-85c 


7451— 19c 
7453— 19c 
7473— 39c 
7474— 35c 
74LS74-59C 
7475— 69c 
7476— 35c 
7480— 49c 
7483— 95c 
7485—  95c 
7486— 45c 


7490— 65C        74153— 75C 
74LS90— 95c  74154-1.00 


7492— 75C 
7493— 69c 
7495— 75c 
7496— 89c 
74121-38C 
74123-65C 
74132-1.70 


74157— 75c 
74161— 95c 
74164-1.10 
74165-1.10 
74174— 95c 
74181-2.50 
74191-1.25 


TTL  INTEGRATED  CIRCUITS 


74S138-1.95  74192-1.25 

74141-75C       74193-1. 00 

74195— 69c 


P.C.  LEAD 
DIODES 

1N4148/1N914 
100/S2.00 
1N4002-1A. 
100  PIV   40/$l. 


HEAVY  DUTY 
Full  Wave  Bridge 

25  AMP  50  PIV 

$1.25 


Disc  Cap 
Assortment 

PC  leads.  At 
least  10  different 
values.  Includes 
.001,  .01,  .05, 
plus  other  stan- 
dard values. 

60/S1.00  "2JS) 


$9.95 


KIT 


P.C.  Board  -  3.00 

ACXFMR  -1.50 

Do  not  confuse  with  Non-Alarm 

kits  sold  by  our  competition! 

Eliminate  the  hassle  — 

avoid  the  5314! 


SIX  DIGIT  ALARM  CLOCK  KIT 

We  made  a  fantastic  kit  even  better.  Redesigned  to  take  advantage  of  the 
latest  advances  in  I.C.  clock  technology.  Features:  Litronix  Dual  Va" 
displays,  Mostek  50250  super  clock  chip,  single  I.C.  segment  driver,  SCR 
digit  drivers.  Greatly  simplified  construction.  More  reliable  and  easier  to 
build.  Kit  includes  all  necessary  parts  (except  case).  P.C.B.  or  XFMR 
optional.  NEW!  WITH  JUMBO  LED  READOUTS! 


Motorola  SCR 

2N4443.     8     AMP     400     PIV. 
P.C.  Leads  3/$-]. 


FAIRCHILD  -TBA641 

4W.   Audio    power  Amp.  Just 

out!      In     special      heat     sink 

DIP.     One     super     audio     IC. 

$1.50  with  data 


FND-359  -Led  Readout 

.4  IN.  Common  Cathode. 
High  effeciency.  Has  FND- 
70  PIN  OUT.  59C 


OUR  CATALOG 

is    chocked   full   of   rare   parts 

bargains,   deals,  RAM  or  CPU 

kits,  plus  much   more.   Yours 

FREE! 


PRICES     SHOWN     SUBJECT 

TO  CHANGE  WITHOUT 

NOTICE. 


$15.95 


COMPUTER  POWER  SUPPLY 

A  very  fortunate  purchase.  One  of  the  best  industral  quality  REG- 
ULATED supplies  we  have  seen.  High  performance,  small  size. 
Input  is  120  VAC  60  HZ.  Has  the  following  regulated  outputs: 
-5VDC@800MA;  -15VDC  @  1.25  AMP:  -25VDC  <s>  180  MA. 
Sold  at  a  fraction  of  original  cost.  Do  yourself  a  favor  and  order 
NOW.  We  expect  a  quick  sellout. 


NEXT  MONTH: 
S.D.  will  have  music  for  your  ears.  Watch  our  ads. 


For  your  Imsai  or  Altair  8080  Comnuter: 
Z-80  CPU  Kit  -  $149.  4K  Low  Power  Ram  Kit 


$89.95 


Terms:  Money  back  guarantee. 
No  COD.  Texas  residents  add 
5%  sales  tax.  Add  5%  of  order 
for  postage  &  handling.  Or- 
ders under  $10.  add  75c. 
Foreign  orders:  US  funds 
only! 


Call  your  Bankamericard  or 
Master  Charge  order  in  on  our 
continental  United  States 
toll  free  Watts: 

1-800-527-3460 

Texas    Residents   Call  Collect: 

214/271-0022 


Special  Thanks  to: 

Dennis,   Fred,  Abe,  Bill,  Sam, 

Hal,    Tom,    Alex,    John,    Ely, 

and  Larry 


S.D.  SALES  CO.   _ 
P.  O.  BOX  28810© 
Dallas,  Texas  75228 
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Letters 

to  the 
Editor 


Dear  Editor: 


Dear  Editor: 

As  a  recent  subscriber  to  both 
BYTE  and  Interface  Age,  let  me 
say  that  I  have  found  your  pub- 
lication more  informative  than 
BYTE. 

As  a  computer  professional, 
I  am  fascinated  by  the  thought 
of  my  own  system  at  home,  and 
I  look  forward  to  your  publication 
being  a  major  source  of  infor- 
mation in  selecting  my  system, 
and  in  using  it  after  purchase  . . . 

George  R.  Woodside 
Fairview,  Pa. 

Dear  Editor: 

I  am  looking  forward  to  that 
year  in  the  future  when  our  $4,000 
microcomputers  will  compute 
numbers  as  well  as  today's  $39.95 
pocket  calculators. 

Edward  Loring  Tottle 
Baltimore,  Md. 

Dear  Editor: 

I  would  like  to  contact  persons 
who  have  a  serious  personal 
interest  in  using  a  microcomputer 
for  stock  and  commodity  market 
investment  purposes.  If  covariance 
is  more  than  just  another  word 
to  you,  send  a  brief  note  of  your 
desires,  qualifications,  and  mar- 
ket experience/involvement  to: 
J.  Williams,  2415  Ansdel  Court, 
Reston,  Vir.  22091.  An  association 
is  being  formed. 

Jack  M.Williams 
Reston,  VA 

Editor's  Note: 

See  the  Feb.  issue  of  INTER — 
FACE  AGE  for  the  Microcomputer 
Stock  Options  article  by  Edward 
Christianson.  Good  luck  in  or- 
ganizing your  association. 


I  just  read  my  first  copy  of 
INTERFACE  AGE  magazine;  I 
think  it's  great.  I  have  just  started 
building  up  my  own  microcom- 
puter system.  I  am  interested  in 
sharing  ideas  with  other  experi- 
menters in  the  Houston  area. 

Paul  Roddy 
Houston,  Tx. 

Dear  Editor: 

I  think  Interface  Age  is  really 
great.  Keep  up  the  excellent  work. 
Enclosed   is  a  check  for  $10. 

Ralph  Voss 


Dear  Editor: 

A  colleague  and  I  have  a  pair 
of  IMSAI's  with  Z-80  CPU's  up 
and  running  in  parallel,  and  are 
working  on  interfacing  them  to  an 
audio-video  electronic  arts  lab. 
We  have  already  found  a  number 
of  your  articles  invaluable,  but 
our  few  borrowed  and  newsstand 
copies  are  getting  very  dogeared. 
And  we  would  rather  support 
your  magazine  with  a  subscription 
(and  stay  within  the  letter  of  the 
new  copyright  laws)  than  try  to 
xerox  old  copies  that  are  worn 
to  illegibility. 

Hoping  you  can  help,  I'll  appre- 
ciate your  attention  to  this  matter. 

Hollis  Frampton 
Buffalo,  N.Y. 

Dear  Editor: 

I  just  saw  the  Jan.  77  issue 
of  your  magazine.  It  looks  like 
the  answer  to  my  ego  problem. 

Digital  group's  Z-80  system  was 
so  well  designed  that  now  I 
have  this  19"  eye  glaring  at  me. 
It  seems  to  be  saying,  "Now  what 
do  you  want,  neophyte?".  Your 
software  section  is  just  the 
answer  I  need. 

Matthew  S.  Osborn 
Minneapolis,  Mn. 

Dear  Editor: 

Please  enter  one  year  sub- 
scription to  your  magazine  for  the 
above  given  address.  Please  start 
from  the  January  77  issue. 

I  have  several  copies  from  1976 
that  I  purchased  at  the  "Personal 
Computing  76"  in  Atlantic  City, 
and  I  can  say  that  your  magazine 


is  one  of  the  best.  Keep  up  the 
good  work. 

Antonio  Ferrante 
Ottawa,  Canada 
Dear  Editor: 

I  have  very  basic  knowledge 
about  microcomputers.  I  hope 
your  magazine  will  not  scare 
away  people  who  otherwise  might 
be  interested  in  learning  about 
and  actually  getting  and  using  a 
microcomputer,  with  PhD  styled 
lollypopped-choked  technological 
wizard's  language  instead  of  plain 
laymans  English.  Of  course, 
knowledge  is  like  a  pyramid,  I 
hope  you  can  give  every  sub- 
scriber something  to  build  on, 
which  will  be  the  key  to  your 
success. 

Sincerely  I  hope  you  will  be 
a  success.  I  am  sure  you  will 
send  me  a  copy  (last  month's) 
as  soon  as  you  recieve  this  letter. 

Edward  A.  Krysher 
Pt.  Richey,  Fla. 

Dear  Editor: 

If  you  would  make  the  following 
request  known  to  your  readers 
you  would  do  both  them  and  I 
a  great  service. 

I  would  like  to  get  together 
with  some  other  people  who  have 
access  to  an  APL  system  or  are 
looking  ahead  to  their  own  micro- 
processor based  APL  system, 
and  would  like  to  build  or  modify 
a  CRT  or  dot  matrix  impact  ter- 
minal to  display  the  APUASCII 
character  set. 

I  have  some  ideas  which  I 
will  share  on  how  to  incorporate 
overstrike  capability  in  a  CRT 
terminal  inexpensively,  but  the 
charcter  generator  is  the  prob- 
lem. APL  character  generator 
ROMs  are  nearly  impossible  to 
acquire  and  I  would  like  to  have 
one  manufactured. 

If  anyone  is  interested  please 
send  me  your  name  and  address 
along  with  any  comments  you 
may  have.  For  example,  would 
you  prefer  5X7  (similar  to  the 
APL  Decwriter)  or  7  X  9  character 
matrix?  If  I  perceive  sufficient 
interest  I  will  have  the  chip 
encoded  and  send  you  infor- 
mation. I  expect  cost  per  chip 
to  be  less  than  twenty  dollars 
($20). 

Phillip  Apley 
Amherst,  MA 
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MICRO-MARKET 


MICRO-MARKET      AD      RATE: 

$25.00  per  column  inch.  Max.  4 
column  inches  per  ad.  Submit  ads 
to  Micro-Market  Ads— INTERFACE 
Magazine.  P.O.  Box  1234,  Cerritos. 
CA  90701. 


SOUTH  FLORIDA 
Suwiy  Cot*f>ufervStM«,  IkA. 

Authorized  Dealer: 

IMSAI,  Southwest,  Cromemco,  CSC,  Vector  and  others 

Books,  Magazines,  Newspapers,  Service  and  Supplies 

University  Shopping  Center 

1238A  South  Dixie  Highway 

Coral  Gables,  Fla.  33146 

(305)661-6042 


ADD  COLOR  TO   EXISTING   TV  GAMES 

WITH   A  "CHROMA-PLEX  7700" 
DIGITAL    CHROMA     MULTIPLEXER    KIT! 

EASILY  ADAPTED  TO  MOST  BLACK  and  WHITE  GAMES,   (i.e.,  General 
Instrument  (-game  chip    ay-3-0500. )  CMOS  M0S  FET  CIRCUITRY.   LOW 
POWER  REQUIREMENTS:    1.0  V  teg.  S  2Sn«.    3-5  8"  I  4"  double-sided 
plated  board.  DOZENS  OF  COLOR  COMBINATIONS  POSSIBLE.   VERY 
VERSATILE.   EASILY  ASSEMBLED  IN  ONE  EVENING.  S35.00  P.P. 
ORDER  BY  PHONE  ot  MAIL.   DIAL  402  387-311 1 . 


DAKOTA  CITY,  NE.   SS73I 


SERIES 


33  TTY 


FOR  SALE  OR  RENT 


■^i— ,-      ASF. jf^SBf-S' 

"B^2r"~ :::,:::  "3B"  45"   ^lk^Btf 
M  K     :::::;"  mo"  40  -      M  Hf 

■       KSR  B 

MW\  -  875"  ni   p** 

Jy      '   :::;.r  650-  30s,   /       jt 


GET  COMPLETE  DETAILS  WITH  A  DIRECT  CALL: 
(2141252-7502  •  TWXO10-5B0-5781    •  TELEX  73  0022 

vordon  &  associates.  Inc. 

930  N.  Beltllne  Road  ■  Irving.  Texas  75061 


THE  COMPUTER  CORNER 

"Brains  are  our  Business" 

V    IMSAI  8080,  POLY-88.  Processor  Tech 

"'    Books.  Magazines,  TTY  Supplies.  Brain  Games 

Hours:  10-6  pm  daily  &  Qat.;  Thurs.  10-9  pm 

While  Plains  Mall.  200  Hamilton  Ave. 

WHITE  PLAINS.  NY  10601 

Uhphom:  1914)  94S  DATA 


AMCO  HAQ  APPLE! 

APPLE  COMPUTERS 
AMCO  ELECTRONIC  SUPPLY 

635  E.  ARROW  HIGHWAY 

AZUSA,  CA  91702 

Phone:   (213)  332-2216 


COMPUTER  HOBBYISTS! 
Nationwide  Classified 
Advertising  Newsletter 

Buy  &  Sell  Hardware  &  Software 

new/used/unique/low-cost 

S3. 75  for  18  issues. 

Free  sample  issue  on  request. 

ON_LINE  Newsletter 

24695  Santa  Cruz  Hwy,  Lot  Gatoi,  Ca.  95030 


CHEAP  TIME  SHARING  SERVICE 

BASIC,  FORTRAN  and  TDS  (a  really  powerful  text 
editor),  at  30  cps,  for  $10.00/hr  attach  time.  Only  other 
cost  is  low  monthly  disc  storage  cost  with  first  10K  free. 
Same-day  offline  printing,  IBM-compatible  mag  tape 
preparation;  CRT  and  hard-copy  terminal  rentals 
available.  7:00  pm  to  7:00  am  Mon-Saturday.  Minimum 
billing  $20.00. 

Interested?  Write  RSD  Inc.,  5215  Sepulveda  Suite  13- 
D,  Culver  City  CA  90266.  Seriously  interested?  Include 
$20.00  deposit.  The  number  of  users  admitted  to  the 
system  will  be  limited,  to  allow  reasonable  access. 


AM  1702A-6 

E-PROM 

ORIGINAL  AMD 

SPECIAL 

1.5  MSEC  GUARANTEED 
REGULAR  AMD  PRICE 

*600each 

1-9         10  up      100  up 
23.10       17.40       15.00 

ANCRONA 

8  for  $4500 

MINIMUM  ORDER  $10.00  ADD 

P.O.  BOX  2208       551.00 
CULVER  CITY         CAL 

POSTAGE  &  HANDLING 

RESIDENTS  ADD  6%  ST. 

CALIF.  90230         »   (213)  641-4064 

21  SHOESTRING  START-AT-HOME 
COMPUTER  BUSINESSES 

113  page  research  report  uncovers  areas  never  pub- 
lished. $12.00  (Check.  Mastercharge.  Bankamericard) 
Guaranteed  Refundable. 

DATASEARCH 

730  Waukegsn,  Suite  108-F 

Deerfield.  IL  60015 


Computer  Mart  of  New  York  Inc. 

314  Fifth  Ave.  #  New  York,  N.Y.  10001 

Microcomputers,  Books,  Components,  Parts 
Authorized  Dealer — Service — Friendly  Advice 
Closed  Monday 

Open  10-6  Tues.-Sat.  STAN  VEIT, 

10-9  pm  on  Thurs.  Storekeeper 

Telephone  (212)  279-1048 


ELIMINATE  INTERFERENCE 

Keep  Power  Line  noise  &  transients  out  of  your  system. 
Bonus!  No  more  TV.  Stereo  or  Radio  interference.  Wires 
directly  into  computer,  teletype,  power  supply.  Postpaid. 
ELF-3       $9.50  —     3  amp  Line  Filter 
ELF-10  $12.50  —  10  amp  Line  Filter 
Filter/Transient  ELF/T-3     (    3  amp)  $14.25 
Suppressor     ELF/T-10  (10  amp)  $17.25 
ELECTRONIC  SPECIALISTS.  INC. 
171  So.  Main,  Natrick.  Mass  01760 


TELETYPES  $800 

Model  33  ASR     •     Newly  refurbished 

RS232  •  full/half  duplex 

30  day  warranty 

THE  MULL  COMPANY 

920  Laurel  Avenue 

Menlo  Park,  CA  94025 

(415)327-7509 


LONG   ISLAND 

IMSAI  Dealer 
COMPUTER  MICROSYSTEMS 

Kits  •  Parts  •  Service  •  Books  •  Magazines 

1309  Northern  Blvd.,  Manhasset,  N.Y.  11030 

Telephone  (516)  627-3640 


End  your  video  display  problems 
quickly  with   a  "PIXE-VERTER" 


A    transistorized    modulated  oscillator  which  instantly  converts  a  TV 

ctly  to      ' 

0pf..Q 
sally  sut 


1. 25"   i   2.I".      Kit  model  =  PXV-2A  SB.5Q.     Ofd< 


ATV  Research     I3-I  BROADWAY  DAKOTA  CITY.  NE8R     68T3I 


*  1702A  PROM  PROGRAMMING  SERVICE  * 

EPROM  copy-$1  Hex  form  input- $3  Prime 
1702A-$9.  Software  available  including: 
Program  loaders,  Memory  checkers,  Video 
drivers  and  Code  convenors. 
We  offer:  Fast  turnaround,  free  coding  forms, 
quantity  discount.  Write  for  free  catalogue. 
MICROTRONICS 

P.O.  Box  7454F  Menlo  Park,  CA  94025 


A.D.M. 
Communications,  Inc. 

Teletype  &  Communications 

Equipment 

Buy— Sell  — Recondition 

1322  Industrial  Ave. 

Escondido,  CA  92025 

(714)  747-0374    Telex.  695097 


Market  Your  Goffware 

Call  or  Write 

Microcomputer  Software  Depository 

2361  East  Foothill  Boulevard 

Pasadena,  California  91107 

(213)  449-0616 


////empower 
BODY  SHIELDS 


EXPRESS 
YOURSELF 

Get  a 

Micropower 

T-Shirt. 

Only  $4.95ea. 


blue 
medium  . 


Send  ad  to: 


Total  Enclosed  $_ 


_yellow 
Jarge 


VAMP  Inc.  Box  29315 
Los  Angeles,  CA  90029 
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FOR  SALE:  1-8  Level  Tally  Parallel 
Punch— 50  Character/Second, 
$150, 1-8  Level  Parallel  Reader— 
75  Character/Second,  $150,  1 -ASCI I 
Keyboard  Parallel  Output  with 
Strobe  Power  Supply,  2  Key  Roll- 
over, $100,  1-Baudot  Keyboard 
Parallel  Output— 2  Key  Rollover, 
$75,  1-Model  35  RO  on  Floor 
Stand,  $450,  1-Hal  Video  Display 
ASCII  Parallel  or  Serial  110  or 
300  Baud,  $350,  1-8008  Computer 
with  14  K  RAM— 2  K  ROM  & 
Software  Complete  with  Power 
Supply*,  $750. 

*Will  Convert  to  8080  for  $100. 
Call  Rick  Scappatuna,  914-235- 
1766,  Days. 

SR-60  PROGRAMMABLE  DESK- 
TOP CALCULATOR:  Markline  Inc. 
has  recently  opened  offices  in 
New  York  City  to  sell  the  Texas 


Instruments  SR-60,  printing, 
prompting,  programmable  cal- 
culator. The  SR-60  handles  pro- 
blems in  seconds,  that  previously 
took  hours.  Prices  for  the  SR-60 
start  at  $1695.  Markline  Inc.  36 
West  44th  Street,  New  York,  NY 
10036. 

FOR  SALE:  POLY-88  ASSEMBLED 
Includes  CPU  w/1/2K  Ram,  soc- 
kets for  3K  Prom  Vectored  In- 
terrupt, Real  Time  Clock;  1K 
Monitor  (2.2  or  4.0)  in  2708 
EPROM;  Video  Interface  with  64 
character  option  &  48  x  128 
graphics.  Parallel  I/O  Port  on 
Board  Backplane  fully  populated 
with  100  pin  connectors  com- 
pletely assembled  and  tested. 
PRICE  $695.  (Regularly  $795.) 
CONTACT:  Bruce  Carson,  15804 
Arcturus  Avenue,   Gardena,  CA 


Now  Available  for  Immediate  Delivery 


Remanufactured  Teletypes 

Model  M-33  ASR  or  KSR 

Like  New  Condition 

90  Day  Warrantee 

Prices  $840.00  ASR 
(Paper  tape  punch  and  tape  reader) 

$725.00  ksr 

Accoustic  Couplers  and 
RS-232  inter  face  available 

Prices  F.O.B.  Howell  N.J. 


For  Information  Contact 

B&M  COMMUNICATIONS 

R.D.  4  Box  272 

Howell,  N.J.  07731 

201-780-1880 


90249.  Home:  (213)  532-5074,  Bus: 
(213)588-6131X263. 

FLOPPY  DISCS,  $4.00  each.  Com- 
puter tape  800  BPI,  Ampex,  Memo- 
rex,  IBM— $4.00/reel.  Guaranteed. 
Trimble,  5835  Herma,  San  Jose, 
Ca.  95123.408-224-0606. 

CLEANING  HOUSE— 4004,  8008, 
6501,  6502  other  IC's,  PC  boards 
etc.  Send  SASE  for  complete  list 
to  Ron  Angstadt,  RD#3  Box  281, 
Kutztown,  Pa.  19530. 

FOR  SALE:  Altai r  8800  with  PTC 
16  slot  terminated  mother  board 
and  16  diallyl  phthalate  con- 
nectors. Includes  all  documen- 
tation. Unit  in  perfect  working 
order.  $650.  L  S.  Mohler.  Call 
evenings  714-998-5831. 

FOR  SALE:  Two  SEALS  8KSC 
memory  boards.  Fully  assembled 
and  tested  NEW  $325.00  each. 
Also  5203  EPROMS  can  be  erased 
and  reused.  $3.50  each.  GARY 
STILLMAN  5501  W.  Windsor, 
Phoenix  AZ  85035. 

FOR  SALE:  MITS  8800  with  13k 
RAM,  PT  16-slot  motherboard, 
parallel  I/O  board  wired  for  TTY, 
8k  Basic.  $900.  Also  2  additional 
parallel  I/O  boards  and  a  PT 
3P  +  S  at  $75.00  each.  Bill  Gordon, 
7012  Convoy  Court,  San  Diego, 
Ca.  92111.714-278-0630. 

WANTED:  Information  about  the 
Friden  7102  Communications  Ter- 
minal. Especially  the  Circuitry. 
Contact  Eugene  L.  Langberg 
(WA3AKK)  at  Gwynedd  Valley, 
Pa.  19437. 

FOR  SALE:  One  Altair  8800,  new, 
assembled  but  not  tested,  $439. 
2-Altair  4K  Dynamic  boards, 
$200/each.  Send  replies  to:  Robert 
Stodola,  1910  Beechwood  Ave., 
St.  Paul,  MN  55116. 

35  KSR  FOR  SALE:  Either  friction 
or  sprocket  feed.  20  mil   loop 
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8  level  ASCII,  Doug  714-747-0374, 
Ron,  213-377-5822. 

FOR  SALE:  Altair  8800  computer 
with  2  MITS  4K  Dynamic  memory 
cards,  88-ACR  cassette  interface, 
88-2SIO  serial  board,  88-PIO  paral- 
lel board,  2-Expander  boards,  8K 
Basic  on  Cassette.  Not  com- 
pletely assembled.  Original  cost 
was  over  $1200— will  sell  for  $750. 
Bob  Majdanski,  214  Coolidge  Ave. 
Hasbrouck  Heights,  N.J.  07604. 
(201)  288-3742  after  7  p.m. 

2-8K  MEMORY  BOARDS  FOR 
DIGITAL  GROUP  SYSTEM  $180.00 
each.  Both  have  7K  of  21L02-1 
and  1K  of  2102-1  now  running  on 
aZ-80  system.  Send  S.A.S.E.  and 
check  will  be  returned  if  boards 
already  sold.  Tom  Ringate  (612) 
881-8743,  2811  W.  112th  St., 
Bloomington,  MN  55431 


FOR  SALE:  1103  1K  X  1  RAM  by 
Intel  with  in  house  numbers. 
Each  one  individually  tested  with 
several  patterns  and  guaranteed 
to  meet  1103  specs.  I  must 
sacrifice  280  of  these  and  must 
sell  in  one  lot.  Metal  tubes  are 
included  to  protect  the  chips 
during  shipping.  Think  of  what 
you  can  do  with  35K  of  memory!! 
The  order  could  also  be  split 
with  a  friend.  You  cannot  beat 
the  low  price  of  $0.80  each. 
I  will  pay  shipping  costs.  Act 
quickly  and  send  a  cashiers  check 
or  money  order  only  to:  Stephen 
Marcus,  1284  West  Camino 
Desierto,  Tucson,  Arizona  85704. 

FOR  SALE:  Friden  Flexowriter 
Model  2303  with  paper  tape 
punch/reader,  7  level,  types  100 
WPM  in  upper  and  lower  case, 


works  well  recently  serviced,  can 
be  converted  to  ASCII,  $150.00 
plus  shipping,  J.E.  Upchurch, 
Box  1987,  Sebring,  Fla.,  33870, 
813-385-2788. 

FOR  SALE:  HP-65,  including  a 
case,  charger,  manuals,  program- 
ming forms,  over  100  magnetic 
cards  with  tested,  prerecorded 
programs,  and  40  blank  mag- 
netic cards  for  your  new  pro- 
grams. Any  of  over  140  HP-65 
Users'  Library  programs  available 
for  copying  cost.  Remember,  the 
HP-65  is  faster  than  the  HP-67, 
so  is  better  for  problems  where 
speed  is  needed.  Price,  $300. 
Delmer  D.  Hinrichs,  2116  S.  E. 
377th  Ave.,  Washougal,  Wash- 
ington 98671. 


COMING  IN  APRIL  ISSUE  ... 

"MIKE"— A  Computer-controlled  Robot 

by  Tod  Loofbourrow 

L.E.D.  Flasher  (For  Dasher  or  Any  Other) 

by  Nathan  Loofbourrow 

An  exciting  report  authored  by  two  brilliant  children.  Today  they 

build  sophisticated  toys;  tomorrow  will  they  build  translusic  warp 

drives? 

Building  a  Digital  Group  System 

by  Donald  O.  Southwick 

Valuable  information  for  our  hardware  readers 

EXMON— 6800  Extended  Monitor  System 

by  Michael  Burton 
Program  Libraries 

Useful  tools  for  our  software  readers 

More  Games! 

Game  of  Life 
Star  Lanes 
Shooting  Stars 

—and  many  other  features 


Vectored  from  Page  101 

toward  the  large  computer  as  an 
answer  to  the  satisfactory  devel- 
opment of  a  CAI  system.  With 
today's  fast,  low  cost  minis, 
a  single  user  or  small  timeshared 
CAI  system  could  be  designed 
utilizing  a  home  computer;  the 
limiting  item  would  be  the  auxi- 
liary storage,  not  the  size  of  the 
machine.  Primarily  because  such 
low  cost  mini-computers  were 
not  accessible  at  the  time  of 


writing  this  manual,  Silvern  has 
not  taken  this  into  account,  and, 
as  a  result  of  this  omission, 
the  cost  analysis  he  presents 
is  somewhat  out  of  date. 

Although  the  author  pro- 
vides a  detailed  description  of  the 
requirements  for  an  instructional 
programmer,  including  the  pa- 
tience of  a  saint,  he  makes 
no  mention  of  the  technical  quali- 
fications of  the  reader  who  is 


to  implement  such  a  system. 
He  does  state,  however,  that 
computer  people  will  not  be 
comfortable  reading  this  manual. 
And  this  is  a  point  with  which 
we  heartily  agree. 
PRINCIPLES  OF  CAI  is  available 
by  special  order  from  Education 
and  Training  Consultants  Co., 
Box  49899,  Los  Angeles,  Califor- 
nia 90049. 
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The  authors  in  this  issue  would  like  to  know  your  feelings  as  to  which  article  you 
consider  the  best.  You  may  cast  your  vote  on  each  article  or  only  one,  which 
you  prefer.  The  articles  are  graded  on  point  scale  1  (lowest)  to  10  (highest).  At  the 
end  of  the  voting  period  all  votes  will  be  tallied  and  the  highest  scoring  article 
will  be  announced  and  the  author  will  receive  $100  bonus. 

NOTE:  Use  Original  "Voting  and  Reader  Service  Card"  only.  Any  other  form  is  not  acceptable. 

ARTICLE 


INTERFACE  AGE  Magazine 

Post  Office  Box  1234 

Cerritos,  CA  90701 

My  favorite  article  this  month  was: 


My  name  is_ 

address_ 
City/State/Zip_ 


Please  fill  in  this  coupon  and  mail  to  above 
address. 
I 1 


6 
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Menace  of  the  Micro  World 
by  Ken  Berkun 

Reflections  on  the  Past  and  Thoughts 
About  the  Future  of  Semiconductor 
Technology 
by  Dr.  C.  Lester  Hogan 

The  Computer  Even  a  Baby  Can  Use 
by  Kenneth  Perry  etal. 

TheQube 

by  Roger  Garrett 
Octal  Debugging  Program  ODT— 80 

by  E.  R.  Fisher 
Graphics— The  Easy  Way 
Z-80  MITS  12K  Extended  Basic  Patches 


THE  DECEMBER  WINNER  OF  THE  $100  PRIZE  FOR  THE  BEST  ARTICLE  OF  THE  MONTH  WAS 
ROGER  RAWSKOUB'S  "DR.  WANG'S  PALO  ALTO  TINY  BASIC. 
NEXT  MONTH  ANNOUNCEMENT  OF  JANUARY'S  BEST  AUTHOR  WINNER. 
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ANSWER  THE  FOLLOWING  BY  CHECKING 
ONE  BOX  ONLY    PER  QUESTION. 

1.  I  Am  A 

A  D  Professional  (Medical.  Accounting,  Law.  Etc) 

B.  □  Engineer  (Electronics,  Mechanical  Etc  ) 

C.  □  Business  Person  (Retail.  Wholesale.  Etc.} 

D  O  Educator  (Professor.  Teacher.  Assistant,  Etc) 
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F   □  Hobbyist 

G  a  Other 
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D.  D  Have  No  Equipment 
E    D  Other 
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A  D  Immediate  Purchase 

B  D  Purchase  30-60  Days 

C  O  Comparisons 

D  D  Literalure  Library 

E    D  Other 

4.  My  Intsrsst  Emphatic  la 
A  D  Hardware 

B.  D  Firmware 
C  D  Software 
D  D  Other  


5.  My  Application  la 

A.  a  Hobby  Only 

B   □  Business  Only 

C  a  Hobby  &  Business 

D  □  Instruction  Purposes 

E   □  Research 

F    D  Design  &  Development 

G  O  Other 


H.  My  Primary  Sourc*  Of  "St«to-ol-tho-Art" 
information  Coma*  From: 

A  D  Magazines 

8    D  Exhibits  &  Conventions 

C   DClub  Meetings 

D  D  Direct  Mail  From  Manufacturers 

E    D  Other  

7.  I  prafor  To  Buy 

A   D  Directly  From  Manutacfurers 

B  □  Local  Computer  Retailer  (Store) 

C  D  Mail  Order 

D  □  Club  Group  Purchases 

E    D  Other  

8.  I  Look  To  INTERFACE  AGE  First  For 
A   O  New  Product  Information 

B   D  Software  Information 

C  D  Tutorials 

D  □  Hardware  Articles 

E    Q  ProOuC!  Advertising 

F    D  Remarks  
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ANSWER  THE  FOLLOWING  BY  CHECKING 
ONE  BOX  ONLY    PER  QUESTION. 

1.  I  Am  A 

A.  D  Professional  (Medical,  Accounting,  Law.  Etc.) 

B.  D  Engineer  (Electronics.  Mechanical  Etc.) 

C.  O  Business  Person  (Retail.  Wholesale,  Etc) 

D  D  Educator  (Professor.  Teacher,  Assistant,  Etc.) 

E.  D  Studenl 

F.  □  Hobbyist 

G.  D  Other 

2.  My  Status  Is 

A.  D  Have  All  Computing  Equipment 

B.  D  Need  More  Peripherals 

C.  D  Have  CPU  Only 

D.  D  Have  No  Equipment 

E.  □  Other 

3.  I  Need  This  Information  For 
A  □  Immediate  Purchase 

B.  D  Purchase  30-60  Days 

C.  □  Comparisons 

D.  □  Literature  Library 

E.  D  Other 

4.  My  Interest  Emphasis  Is 

A,  D  Hardware 

B,  □  Firmware 

C.  0.  Software 

D.  D  Other 


5.  My  Application  Is 

A.  D  Hobby  Only 

B.  D  Business  Only 

C.  D  Hobby  &  Business 

D.  D  Instruction  Purposes 

E.  D  Research 
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G.  □  Other 
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A  D  Magazines 
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C.  D  Club  Meetings 

D  D  Direct  Mail  From  Manufacturers. 
E.  D  Other 

7.  I  prefer  To  Buy 

A.  D  Directly  From  Manufacturers 
B  D  Local  Computer  Retailer  (Store) 
C  a  Mail  Order 
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396  397 


23  24  25 
48  49  50 

73  74  75 
98  99  100 
123  124  125 
148  149150 
173174  175 
198  199  200 
223  224  225 
248  249  250 
273  274  275 
298  299  300 
323  324  325 
348  349  350 
373  374  375 
398  399  400 


Please  use  only  1  card  per  person.  Thanks! 


Please  use  only  1  card  per  person.  Thanks 


READER  SERVICE  CARD 
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We've  got  something  for  every  baud! 
SUBSCRIPTION  APPLICATION  FORM 

PAYMENT  MUST  ACCOMPANY  FORM 

SUBSCRIPTION  FEE  per  year:  $10.00  U.S.,  $12.00  Canada/Mexico,  $18.00  Foreign. 
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Make  check  payable  to: 


•  a  ii 


Name 


0 


Company   

Home  Address  . 
City 

Date    


HUICnr<ftL£    Magazine 

P.O.  Box  1234,  Cerritos,  CA  90701 


.  Title 


State 


Country. 


Zip 


Signature . 


]    CHECK  ]    MONEY  ORDER  lumrn 
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Experience 

the  excitement  of  owning  the  worlds 
finest  personal  computer  - 
IMSAI 8080 


■% 


Waiting  for  you  —  all  the  incredible 
performance  and  power  of  the 
IMSAI  8080.  And  at  a  price  you 
would  normally  pay  for  a  fine 
home  music  system. 
Introduced  less  than  two  years 
ago,  the  IMSAI  8080  is  sold  world- 
wide and  acknowledged  as  the 
finest  personal  computer  available. 

WORLD  OF  USES 
The  IMSAI  8080  is  a  superbly 
engineered,  quality  computer.  It  is 
..versatile,  expandable  and  power- 
ful, putting  literally  hundreds  of 


applications  and  uses  at  your 
fingertips.  Imagine  sitting  at  your 
desk  and  enjoying  interaction  with 
your  IMSAI  8080!  Press  the  on 
switch  and  you're  ready  for  game 
playing,  research,  education,  busi- 
ness applications,  or  for  laboratory 
instrument  control.  It  has  all  the 
power  you  need,  and  more,  to 
make  your  application  ideas  come 
alive. 

GROWS  WITH  YOU 
The  IMSAI  8080  is  designed  for 
many  years  of  pleasure.  With  its 
open-chassis  engineering  you  can 
expand  your  system  by  adding 
peripherals  and  interfaces.  The  22- 
slots  and  28  amp  power  supply 
mean  that  you  can  plug-in  today's, 
plus  tomorrows  modules. 


Right  now  you  can  add  a  module 
for  displaying  color  graphics  and 
characters  on  TV;  a  ready-to-use 
keyboard;  small  and  large  printers, 
and  a  single  interface  that  lets 
you  attach  multiple  devices  includ- 
ing a  cassette  tape  recorder.  Ex- 
pect the  latest,  exciting  equipment 
from  IMSAI.  We  are  committed 
to  leadership  in  this  expanding 
technology. 

EASY  TO  PROGRAM 
With  our  BASIC  language  you 
can  operate  the  IMSAI  8080 
quickly  and  easily.  Technically 
knowledgeable?  Use  our  assembly 
language  to  develop  sophisticated 
and  unique  software. 


If  you're  thinking  personal  computer, 
treat  yourself  to  the  very  best  — 
IMSAI  8080 

d  for  free  four-color  brochure 
1  for  catalog.  Call  or  write  for 
.me  of  nearest  dealer. 


IMSAI 

IMSAI  Manufacturing  Corporation 

14860  Wicks  Blvd. 
San  Leandro,  CA  94577 
(415)483-2093 
TWX  910-366  7287 


ULTRABYTE 


PRESENTS 


UDJE  l7BB0CCDHfl  17EB  VWB® 


IMSAI  8080 


„„™  i»^~  " 


+  Z-80 


CPU    BOARD 


=  IMSAI  Z-80 


THAT'S  RIGHT!  THIS  ULTRA-POWERFUL  COMBINATION  IS  OFFERED  BY  ULTRABYTE, 
YOUR  FACTORY  AUTHORIZED  DEALER  OF  ALL  THESE  QUALITY  COMPONENTS 


PLEASE  RUSH  ME  THE  FOLLOWING: 

□  'IMSAI  Z-80  Standard  Kit,  (without  Standard  CPU 

Board)  with  Powerful  TDL  ZPU  Board     $ 

□  "Same  as  above  (IMSAI  plus  Z-80),  but  with  22  Slot 

Mother  Board     $ 

□  IMSAI  8080  Kit,  Standard $ 

IMSAI  8080  Kit,  with  22  Slot  Mother  Board    $ 

□  Card  Guides,  20  pairs    $ 

□  IMSAI  4K  Bytes  Static  Memory,  Kit $ 

□  IMSAI  Multiple  I/O  Board,  Kit    $ 

|     TDL  4K  Expandable  Memory,  Kit 

(IMSAI/ALTAIR  Compatible)     $ 

□  TDL  8K  Expandable  Memory    $ 

□  TDL  1  6K  Memory    $ 

|      TDL  4K  Expansion  Kit    $ 

|     TDL  ZPU  Card  (gives  you  access 

to  TDL  Software) 

□  SEALS  8K  Board 

500  ns  Maximum     * 

225  ns  Maximum     $ 

□  ICOM's  Microfloppy  Disk  System,  Including  Drive, 

Power  Supply,  Cabinet,  Controller/Interface 

Card,  Manuals,  Diskette  &  Software $ 

□  ICOM's  Frugal  Floppy,  including  Disk  Drive, 

CF  360  Controller,  all  Cables  and  Connectors $ 

n      ICOM's  Frugal  Floppy,  same  as  above,  but  with 

Dual  Disk  Drive    5 

SUB  TOTAL - 

PHONE  (714)  892-4679 

PRICES  SUBJECT  TO  CHANGE  WITHOUT  NOTICE 


820.00 

880.00 
599.00 
660.00 
20.00 
129.00 
180.00 

159.00 
279.00 
549.00 
135.00 

$  259.00 

255.00 
280.00 


995.00 
1129.00 
1749.00 


*  PHONE  IN  YOUR  CREDIT  CARD  ORDERS 
*CALIF.  RES.  ADD  6%  SALES  TAX 
*MOST  ORDERS  SHIPPED  WITHIN  30  DAYS 
'SHIPPING  CHARGE:    COLLECT  F.O.B.  FACTORY 

Enclosed  Check  or  Money  Order 
For  Je 


Bankamericard  No. 
Mastercharge  No.  _ 

Interbank  No.  

Signature:    


Name: 


Address: 


City,  State,  Zip:    

UltraByte  Incorporated 

SEND  MAIL  TO: 

P.O.  Box  370,  Westminster,  CA.  92683 

(714)  892-4679 

Executive  Offices: 

Park  Plaza  Building,  Suite  8 

7281  Plaza  Street,  Westminister,  CA.  92683 

(Send  Self-addressed,  stamped  envelope  for  complete 

computer  accessory  list  ) 


ARTWORK  COURTESY  OF  GO  FOR   IT  GRAPH  I CS  ,  BOX  532,  MANHATTAN  BEACH,  CA    90266 

CIRCLE  INQUIRY  NO.  76 


